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FOREWORD

This report presents an extension of a modified form of the implicit method
of Hilber-Hughes, pertaining to the temporal integration of the equilibrium
equations of motion of a structural system. The unconditional stability
characteristics of the uncoupled linear equations are given and their range
extended. Tables and curves are presented for "a convenient choice"” of the

involved parameters.
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CHAPTER 1

INTRODUCTION

The analysis of time dependent problems in fluid and structural mechanics
through finite element or difference methods involves temporal discretization of
the basic conservation laws. In structural mechanics, this leads to time
integration techniques of Newton's second %2w of motion. A survey of previous
work reveals an abundance of references.!” This report is limited to
structural engineering work. 1-40 Reference 41 is an example of fluid dynamics
time integration schemes. Discretization methods are typically divided in two
different ways. In the first, we have what is referred to in Reference 45 as
linear singlestep or multistep methods. In singlestep methods only variables at
the current and next time steps are considered. In multistep methods unknowns
at more than one step are involved. In the second, time discretization schemes
are classified in two large groups depending on stability and need of inversion
characteristics. These are implicit methods and explicit methods.

Implicit methods require inversion of large matrices and can be
unconditionally or conditionally stable. They are predominantly used in
structural dynamics, where low-mode response is of interest. Naturally,
preference is given to unconditionally stable methods due to their
unrestrictiveness. If conditionally stable, the time step cannot exceed a
limiting time step or the method becomes unattractive.

Explicit methods such as the central difference method (References 1, 3,
and 8) are preferred in solving wave propagation problems. These methods depend
on what is referred to as the "critical time step” or "Courant number.” Use of
larger time steps cause the solution to become unstable. In general, the
spatial mesh is not uniform; therefore, the time step will depend on the smaller
element. The "smaller” element dimensions put a ceiling on the "highest
admissible” frequency of structural response and a "cutoff frequency” is
introduced. In addition, nonuniform meshes introduce spurious frequencies of
reflection (References 42-44) from the various element interfaces.

The question of mesh size introduces the "cutoff” frequency concept
(already mentioned for explicit methods); it also applies to implicit methods.

Examples of structural dynamics time integrators, among others [Houbolt's
method (References 1 and 30) and Park's method (Reference 3)] are:

(1) the Newmark family of methods (References 1 and 9);

(2) the Wilson 9-method (References 1, 11, and 12); and

(3) the Hilber-Hughes collocation method (References 15, 16, and 17) (to
distinguish from their a-method).

-y . -

- e e e
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Table 1-1 summarizes the Newmark, Wilson 8, Hilber-Hughes collocation, and
a-methods, respectively, together with their possible extension (the modified
Hilber-Hughes method).

In constructing a discrete operator capable of modeling the continuous
system, the following point should be kept in mind. The algorithm should be
unconditionally stable, and dissipative of spurious higher modes but not lower
modes. (This damping is of numerical nature, introduced by temporal discretization,
and unrelated to the actual structural damping.)

The above properties can only be verified for linear problems. Very little
is known for nonlinear problems.

Table 1-2 summarizes the range for unconditional stability of these methods
with additional notes. Note that when 8 = 0 and vy = .50, the Newmark method
becomes the "central difference” explicit method; when B = 1.0 and vy = 1.5, the
scheme is a backward difference; and when 8 = .25 and y = .50, we obtain the
"average acceleration” method. Other combinations can be found in

Reference 2.

All three methods use some approximation for acceleration, velocity, and
displacement vectors of the form

Xn+e = G1(Xp, 8) (1-1)
).(n+8 = Gz(ina in’ 3in-&-l; B, v, At) (1-2)
Xp+g © G3(xns )'(n: in’ in+l» 8, v, At) (1-3)

where subscript n indicates point in time, tp; n+8 is point in time, tp4g

(9 can take the value of 1); At is the time increment; and dots denote
differentiation with respect to time. Zienkiewicz and Wood (References 2, 28,
29, and 31) enmploy a weighted residual formulation to come up with the various
temporal approximation schemes.

The analysis is concluded by satisfying the continuum equations of

equilibrium

Mx+Cx+Kx=EL) (1-4)

e

by their discrete analogue of some point in time n+3,

M En+o * € Zn+g + (1+0)K Xpas = K Zn+n = Entos (1-5)

where o is a new parameter that may be 0, 1, or negative. Here M is the
assembled mass matrix (typically positive definite and symmetric), C the
structural damping matrix (usually of Rayleigh form), K the stiffness matrix
(positive semidefinite), and F(t) the external loading vector.
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These methods have introduced parameters a, B, y, and 6 apart from time
step At to control stability, dissipation, and period elongation (i.e. control
"distortion" effects).

Typically, the study of the stability characteristics of these methods can
be summarized in the following logical steps:

1. The systenm [E?uation (1-5)] is assumed linear and can be decoupled by a
normal mode procedure. The resulting equation is of the form

m in-f-e + c ).(n...e + (1+a)k Xn+p — 2K Xp4g T fh+s (1-6)

In the analysis of the Newmark R-method and Wilson 8-methods, the structural
damping c can be left in because the expressions do not become extremely
complicated. The same is not true for the a-Hughes method. The analysis of the
stability characteristics of the linear system is for the undamped system

(c = 0).
2. Use of Equations (1-1), (1-2), (1-3), and (1-6) results in a (3 x 3)

matrix equation relating the historical variables x, with the variables at the
next time point, i.e.

Xn+l = A Xa + L Fnug

where the state column vectors X, 4) and X, are defined by

- -

At Xp41
XZn+1 T |2t Xp41
L Xn+l
- =
at? %y
Xn = |at xp
Xn
L .

and A is an (3 x 3) operator matrix, the so-called amplification matrix; L is a
(3 x 1) column vector; and F, 4, is a scalar.

3. Analysis of the eigenvalue properties of A using the Routh-Hurwitz
criterion (Reference 45) and the Cayley-Hamilton theorem (Reference 46) allows
us to define the region of "unconditional stability” of the linear system.
Naturally, no eigenvalue can exceed 1 or the solution becomes unbounded. This
is the process for establishing good properties for the temporal operator A.

1-3
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TABLE 1-1. SUMMARY OF EMPLOYED EQUATIONS FOR NEWMARK [;, WILSON O, AND HILBER-HUGHES METHODS

EQUATION
METHOD YPE EQUATION
EQUILIBRIUM X1 +28wXneq + 02X eq = fous
DISPLACEMENT Xpyq=Xg+B2X, + (A2 [(% -B) X, +BX,. ,]
NEWMARK
B . } ..
VELOCITY Xniq =X, + At [(1-y)xn+ an”]
ACCELERATION
EQUILIBRIUM Xnso+25wXnio +@2Xnto = faro
DISPLACEMENT Xnso =X, + (OAUX, + (OAY2 [(% -59) X+ 50X, ,]
WILSON
VELOCITY Xnso =Xn+ (OAY) [(1 —%) ,,+%@X,,+1]
ACCELERATION Xoro=(1-01X,+0OX,,,
EQUILIBRIUM mXpso *cXnso* kXnso = fneo
Xnso=X,+ (@At))'(n + (O A2 [{% - ﬁ) 'X.n + /3.)(.,”9:‘

DISPLACEMENT :

HILBER-HUGHES : 2 (1 SRRy ’

COLLOCATION Xne1=Xn+AtX, + At [(‘z“ﬁ) X,,+[3X,,+1] :

METHOD

VELOCITY Xnsq =Xq + At [(1—y)3('n+y'x',,+1J :
ACCELERATION 5(',”9 =1 -e)'x',, +0 ')('M1

1-4

!v':'r,- r :'i -u"‘ :‘ﬁ‘}—‘fﬂ.'ﬂ ;(a‘g E-fﬂ'l e AW W P f'..""(‘\f.
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TABLE 1-1. (CONT.)

EQUATION
METHOD CYPE EQUATION
EQUILIBRIUM mXpeq+cXprq+ (14a) kXpyq -ak Xy = faea
DISPLACEMENT Xpeq =X, +AtX, + At [(% -B) Xo+BXns ,]
HILBER-HUGHES
a -METHOD
VELOCITY Xpeq =X, + At [(1—y)x,,+yx',,+,]
ACCELERATION
mXnio+tcXnig+t(1+a)kX,, 9 —2kXy=fr,0
EQUILIBRIUM or
. . . 1
Xnio+t2wEX, 0+ (1+a)w2X,, - aw2Xn=mn+e
MODIFIED . ] . .
HILBER-HUGHES DISPLACEMENT Xnt+o =X, + (OAVX, + (OA? [( - -B G) Xo+BOX,. 1]
METHOD :
VELOCITY Xnso = X, + (OAY) [(1 —yO1X, +y0OX,, 1]
ACCELERATION Xnio = (1-01X, +©X,_4

1-5
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CHAPTER 2
STABILITY OF HILBER-HUGHES COLLOCATION METHOD

Hilber and Hughes (References 15, 16, and 17) presented a new scheme for
the integration of the linear dynamic equations of motion of structural
problems. It is based on collocation, and its stability and analysis was
developed for any undamped linear system.

As before, the initial value problem we seek to solve numerically can be
expressed in the form

ME+Kx=FEt) (2-1)

subject to the initial conditions at time t = 0

x(0) = 4 (2-2)
x(0) =y
and
%(0) = M71 [E(0) - K d] (2-3)

The object of this method is to select additional parameters apart from
step size in such a way as to obtain unconditional stability and dissipation at
high frequencies to control the response which, in the case of structural
problems, depends on the low mode spectrum.

They proposed to satisfy the uncoupled version of the equations of motion
[Equation (2-1)] at a point n + 8, or (n+9)At, i.e.

m Xn+g + K Xn+g = fntg (2-4)

The following approximations for accelerations, displacements, and external
loading were used:

§n+e = (l‘e)ﬁn + 8 in+l (2-5)

Xntg = Xp + 00t &y + (886)2[(5=R)iy + B ¥neg] (2-6)

2-1
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fntg = (1-8)f, + 8 fh41

Xntl = Xp + At Xy + At2[(48)%, + B ¥nel ]
Velocities are obtained through a separate equation

%n+1 = ¥n + At[(1-y) ¥4 + v ¥pa)

expression for displacement xp4+g [Equation (2-6)], and le

(2-7)

(2-8)

(2-9)

Substituting the expression for acceleration ¥, ;g [Equation (2-5)] the

aving the loading

fn+e as it is in Equation (2-4), we solve for the acceleration Xp41. We

obtain Equation (2-10)

om[1 + mlkgo2atZ]%y4) = £peg - k Xp - Oatkk, -

n[(1-0) + {(-8)62 + B(1-0)02} at2m~Ik]x,

Abbreviating by

wz = k/m
Q = pAt

D = o[1+88202] = s[1+m~1kg62at2]
and noting that

1 -0+ (588202 + Bo202(1-0)

’ = - [p - (1+156202)]

the expression for the acceleration at point n+l in time
terms of the acceleration at the previous step and other

. f 2 2
2.. 2 n+6> Q an .
= —_— - - —_—— +
At xn+1 At < oD D xn 5 Atxn
; 2 2
; L
: D n
y
) 2-2

» ; ’ w YO IO SO ORI
O R ab L TN T 0 AT 0 g, TP L T N T o P e N R

(2-10)

(2-11)
(2-12)

(2-13)

(2-14)

can be expressed in
historical variables:

(2-15)

“r,
‘c S0
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Furthermore, by using Equation (2-9) to obtain the velocity at the next step in
terms of the already known acceleration Xn41 [Equation (2-15)], we get >

192 192 1692
Atxn+l = 2 fn+6 - xn + 31 - ) Atxn + .
0" mD (!
22 r
2. _ _(1+46707) :
At X 1 Y5

Similarly, employing Equations (2-8) and (2-15) to obtain the displacements

i ORI X, R

Xn+l = BA30fn+e + (1+BA31)x, + (1+BA3)Atx, +

!
2..
L+ 8(Aga-1)f AE R (2-17) ;
"
where -
2 Y.
= 5 - N
A30 5 (2-18) ;;
w mD \
4
t
2 1
A, = -5 (2-19) ’
31 D y
2 ‘.
-8 ) ]
Ag, 5 (2-20) N
22 ‘
= 1 _ (4670”7 ) -
A33 1 D (2-21) :
{
or in matrix form )
¢
2.. 2.. (2-23
bt X4 A33 Y Ay aexy A30Tn+6 :
’O
Atz L, = [1+ y(A3l-l)] (1 + yA32) YA31 Atx + yA30fn+e ;
‘l
y
X 41 [+ 8(A535-1)] | (1 + BAg,) | (1 + 8Ag D[] x| BA3f Lo }
.
‘l

2-3




NSWC TR 86-324

st2in4y at2iy A30
Atxps+1 | = A |atxy | + | YA3g |£n+e (2-23)
Xn+l *n BA30
or
Xntl " A Xy + L fnee (2-24)

with the abbreviations
wAt = Q

2 .k
w m

(2-25)
D = 6(1+80202)
fa+g = (1-8)f, + Ofp4g

The eigenvalues of A [Equation (2-22)] satisfy the following characteristic

equation in A, originating from
det | A- 2Ll =0

or ' (2-26)
A3 - 240 A2 + A% - A3 =0

where
24) = A33 + [1+yA3p] + [1+8A3;]

= 2 + BA3) + vA3p + A33 (2-27)

Ay = [A33+A32(y-1)] + [A33+A3)(8-'2)] + [1+BA3;+v(A32-A31)]

=1 + (28-%-v)A3; + (2v-1)A32 + 2A33 (2-28)

A3 = (1+8A31) [A33+(y-1)A32] + (1+8A32)A31(1-y) - A3['s+2(A33-1))

= A33 + (y-1)A32 + Ay [3+1»§"Y] (2-29)

1f A3 = 0, Equation (2-26) reduces to a quadratic, and the algorithm is of the
Newmark-8 type.
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Replacing A3;, A3y, and A33 from Equations (2-24) in (2-29), we obtain

(e-l){1+92[8(92+e+1) - 15(8-1)~y ]}
D

A3 = (2-30)

Furthermore, the difference Equation (2-23) takes at steps n and n+l yields

I "B Xn-1 *t L fn4g (2-31)
En+1l = A Xn + L fpeg4) (2-32)

Combining Equations (2-31) and (2-32), we obtain the following recurrence
relationship

Xn+1 = AlA Xp-1 *+ L fpie) + L fpipnl
= ézxn-l + AL freg + L fniga (2-33)
Successive repeats produce the result
k=n

Xns1 = AOVIX, + 30 AKLEL kio4 (2-34)
=0

We observe that for no external loading (f = 0) repetition of Equations (2-32)
and (2-31) yield

Xns1 = Ay = A%%n-1 = A2 (2-35)
However, by the Cayley-Hamilton theorem on matrices (Reference 46), the matrix A
satisfies its own characteristic equation [Equation (2-25)], 1.e.

A3 - 24142 + Apa - A31 = 0 (2-36)

Substituting for A3 from Equation (2-36) in (2-35) we obtain

Xn+1 = 28147 - AjA + A3 Xp-2

= 2MA%%q-2 ~ A2A Xn-2 + A3%n-2 (2-37)
Noting that
Xn = A%%n-2 (2-38)
Xn-1 = & Xn-2 (2-39)
2-5
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we finally obtain

Xn+1 = 241Xn - A2Xp-1 + A3Xp-2 (2-40)

Equation (2-40) is the general recurrence relationship of the linear undamped
homogeneous equation of (2-1) (with f = 0) for the state vector X. It is,
therefore, valid for any of its components such as the displacements xp.

Xn+l = 2A1xg - Agxp-1 + A3Xp-2 (2-41)

Omitting a large portion of the analysis which can be found in Reference
15, 16, 17, or 47, Hilber and Hughes concluded that, for unconditional
stability, we must have

Yy =k (2-42)
6 >1 (2-43)
and
2
6 >8> ﬂ;—l— (2-44)
2(8+1) 4(257~1)

Hilber and Hughes found that when 5 =~ 1.366025,the higher modes are not
Jamped out. At about 8 = 1.420815, they found that the maximum damping of high
frequencies takes place. They also found that relative period error increases
as 3 decreases from 0.25 on down, and 6 increases from 1 upward, simultaneously.

To improve the dissipation properties, they developed the so called
Hilber-Hughes a-method (References 15, 16, and 17) which is summarized in Tables
1-1 and 1-2.
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CHAPTER 3

ANALYSIS OF HILBER-HUGHES COLLOCATION METHOD

From Equation (2-6) we solve for the acceleration at collocation point n+8 ;

. 1 1 1 . ..
Xn+s 2 2%+ T T2 2% T TR AT (55 B l)zn (3-1)

| Substituting Equation (3-1) into the next equation, i.e. Equation (3-2)

| Fasn = Kg + 80t[(1=)%n+Enen] (3-2)

the expression for velocity at the point of collocation follows in terms of {
historical variables and xp4,

-

=1 - - L) 3 )4 S S R -
Xn+o  Fant (5n+a 5n) * (1 f> g, oot (1 22) X, (3-3)

e e e e

Hence, replacing these in the equations of motion

M Xn40 + C Xn4o + K Xn+n = Fpo (3-4)

we obtain A

RO At .

1 1 1 '

=F . +M x % (-— - l)x ] '
~ + ~ r A ~ -~ A~
n+g [BeZAtz n  2A5tcn 2 n

Y Y b 2 ;

+ Q[EG—A-EZ{'H + (E%— - )Kn + (z - l)”.,t _Z(_’n] (3-5) \

U

3-1

bt

Wi TGN T LW, S
\.\ S LY PO S 't;\""‘
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Solve for the displacement vector Xnp4+g at the collocation point n+6 in
terms of all the historical variables. Next, solve Equation (2-5) for Xp4+) in
terms of X,, Xpn+g- Then substitute Xp4g from Equation (3-1) to obtain the
acceleration at next time step n+l

¢ =L _(;_1>..
n+l 95n+6 5] zn

1 1 . .
= (x , . -x) - - (-—— - l)x (3-6)
863At2 ~n+9 ~n BeZAtHn “n

Now, from Equation (2-9) %xp41 is
kn+1 = En *+ 0t1(1-Y)%n + YEp+1)

and replacing the value of Xp4] from Equation (3-6), we finally arrive at

S ; (Bn+o2n) * (l - _—%-)3“

B6 At B8 At

- X 0 -
+ (1 ZBe)At £ (3-7)

Furthermore, the displacements at time step n+l can be obtained from
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T e, =,

LR I R Y

CHAPTER 4

SUMMARY OF HILBER-HUGHES ALGORITHM !

L
The following steps describe the algorithmic flow., Initial conditions on .
some of X0, X0, X0, Fp are given. (See Chapter 2.) Also effective E
matrices are factorized by a Cholesky decomposition. }
1. Obtain xn4g g
4
1 Y -1
= M+ C+K 3 :
Zn+g solpcls | B4t An+o 3
1 1 . 1 .. 5
+ M + X + 5= -1%x }
BezAtz’% B65tEn T 28 n p
X X _q X - ¥ -
+’QBSAt‘¥n+B Lg, + 53 - loeat g (4-1) Y
2. Obtain xp41 ;
)
. 1 1 . 1 . !
X = —_— - - X - 5= -1 (4-2) -
Sn+ +
ntl 32 Zn+6 Zn solam 288 X !
\)
Y
3. Obtain X471 &
.
2 = X - - — - X "
X X x + 1 x + 1 At X "
+ -
~n+1 863At ~n+9 ~n 892At n 239 ~n (4-3) "
"
.t
¢
4. Obtain xp41 .
1 1 1 21 1 p
Farl T Fnee T 1T 3 AT S L gt (4=b) N

Repeat steps 1-4 for all time steps.
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CHAPTER 5

MODIFIED HILBER-HUGHES METHOD

Motivation for the extension outlined below comes from the need to improve
upon and better control the dissipation and period elongation characteristics of
the algorithm, while retaining some degree of simplicity. As can be seen by
studying the equations of equilibrium (Reference 1), implicit methods require
inversions of large matrices that considerably slow the solution process.

This scheme is based on ideas proposed by Hilber and Hughes (References 15,
16, and 17). The main difference compared with the previous method by Hilber et
al is that the equilibrium equations are satisfied at the collocation point n+¢

M Zn+e + C Zn+o + (14K Zn+g ~ oK Xn = En+o (5-1)

~

where the two Hilber-Hughes methods appear combined. As in the previous chapter
it leads to a displacement vector at time n+6 given by

1 Y -1
X + M+ C + (1+a)1<] [F +
~ ~ ~ +
~n+o [BQZMZ goAt ~n+q
1 1 . (1 >“
+ M x + x + |5 -1)% +
BeZAt2~n BaAt~n 23 ~n
R Y _q)g (X_. - 1 ant ¥
* Clgonckn * (,@ l)zn tlgg Tt At
+ oK L‘n] (5-2)

In this method the following approximations are used for the acceleration,
velocity, and displacement
.).(n.’,e = (l‘O)in + 6 .l'(n+l
Xn+g = kp + ost [(1-y)%, + v Xn+9]

Xp+g = Xp + 04t Xp

2 2[1 . " _
+ 974t [(-5 - B)xn + R xnﬂ] (5-3)

[ pfagagl b

gy

PN &

,1',‘
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or the equivalent set

kn+g = Xp + 80t [(1-y8)%, + Y6 Xp41]
xn+9 = Xn + oAt in +

2 2[1 . .
+ 8°AtL [(3 - Be)xn + RO xn+l] (5-4)

The stability characteristics have been analyzed and documented in detail
in Appendix A.

Table 5-1 displays the A amplification matrix for the Newmark B method

(References 1 and 47), while Tables 5-2 and 5-3 display the A matrix for the
Wilson 6 method.

To further the discussion and tie in the results of the stability analysis
with those of the Wilson-f and Newmark-f methods, we observe the following:

The elements of the amplification matrix for the a-collocation Hughes
operator assume the Wilson form (Table 5-3), as can be seen below, when
22
2417p (5-5)
2. 27°

a=0,y=% 8= 1 pecomes B = 5
ol6+12m0ep+an-e‘p?]

6

Let's denote the elements of the A matrix by ajgje

First, note that the first element of the A matrix from Table 5-2 is

8 1\ 2 8 B
A e -
w At
But since
83B = 4ﬂ292p2
6 6+12n05p+4n2p282
62< - lZn&@ILZ — (5-7)
[6+12n6ep+an“pa®]
and
Bo 6
- (5_8)
sztz [6+12n85p+4n2p202]

5-2

o
(...bl...l !
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or
83B 2 B6
—6—+eb<+—2;—2=1 (5-9)
w At
it becomes
S - B_ -
all =1 26 B 20« 53 (5-10)
w At

and its equivalent form is given in Table 5~3. Furthermore,

ajp = -(2¢+98B) (5-11)
aj3 = -B (5-12)
=] - ,__l_gB (5-13)
@22 " T2
= - ..]2 3=14
a23 2B (>-14)
=1 - Lpga 1, _
azy = 1 6B9 ¥ (5-195)
=1 - lB (5-16)
433 6
Again from Table 5-2
NG D] _ 1 )l . 5
a21 72 2(1 29 A + (5-17)
2.7t
1(~ 1) 2
35 -2)% -
1 2 B B 2 1 3
2] i [N _
" Fb ot T Attt (5-18)
2.7t 2.7t
We use the equality proven above, i.e.
2
2 5 byt %§~3B = % (5-19)
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and we arrive at

12 B
a,, =1 -568B - «8 - (5-20)
21 4 szAtz
which is the equivalent form of Table 5-2, i.e. Table 5-3.
Similarly,
1 1) (1-6) ( 1)9
a,, = (— -=)- B - 2(1 - 30)= +
31 2 6 6w2At2 27/6
1 128 _1_1_ .2 _ 1 B
(Ee"f)e 52 " 1B T 3¢® 2 2 (5-21)

or given by Table 5-3. In these equations, the parameter B basically assumes

the Wilson form as given in Table 5-2.

Setting « = 0, 6 = 1, we recover the Newmark-8 amplification matrix (Table

5-1) by a similar reduction process.

We further observe that at 6 = 1, the Wilson amplification matrix A becomes

- %B -x -(2«+B) -B
A= %'%‘K‘%B 1 - (c +3B) —%B (5-22)
_%-%K-i—sn 1-¢B -3 [1- %BJ
with B = 26r%p”

[6+12nepran®p?] (5-23)

It agrees with the a~collocation of Hughes only if y = %, g = %, a =0, and 8 =1

(L.e., vy = l, 8 = %, a =0, 8 =1). It is known that at 6 = 1 the Wilson method

is unstable.
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In the present study, the stability range (for ¢ > 0) is summarized on pages A-l4
(Case A3 # 0) and A-21 (Case A3 = 0) of the Appendix. Definition of the parameter ‘
A3 can be found in the Appendix.

15,16,17

Case A3 = 0 was the only case analyzed previously. The case analyzed

corresponding to A3 = 0, for which the stability range (with 7 = 0) given was:

g e P o

_1
Y73
a =0 (There is no « in the Hilber-Hughes collocation algorithm;
see Tables 1-1 and 1-2.)
a1 (5-24)
- Lt
and
2
! NN _Zi_%l__ (5-25) i
2(9+1) 4(207-1) '
J
In the case of the u-method, the given range was:
_1 :
(=3 7 \
1 2
pgo= Z(l-a) .
fl; <20 (5-26) '
(set ++ = 1 in the modified form)

Hence it should be obvious that by including the general case A3 # 0 in the
present study, the stability range has been broadened and the two methods of
Hilber-Hughes combined in a single one.

- -

t
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CHAPTER 6

DISCUSSION AND CONCLUSIONS

Chapter 1 is an introduction to some of the methods used in structural
dynamics., Chapter 2 deals with the stability of the Hilber-Hughes collocation
method and Chapters 3 and 4 indicate a way to implement the procedure, while
Chapter 5 offers a possible extension of the Hilber-Hughes algorithm.
Furthermore, Chapter 5 discusses how the amplification matrix A degenerates
to the Newmark B8 amplification matrix, etc. for appropriate choice of the
parameters. Appendix A deals exclusively with the analysis of the stability
characteristics of the modified Hilber-Hughes method.

In References 15 and 17 Hilber and Hughes indicated that such methods may
tend to overshoot the actual solution at the very few initial steps. For this
reason, plots of the spectral norm of the amplification matrix A (see Reference 46 on how
to calculate [|All) in addition to its spectral radius have been included in all
cases. These data could be used in future studies of algorithmic performance.
For more detalils see References 15 and 17.

This section, therefore serves the purpose of a brief discussion of the
obtained results and how they can be used in practice.

Table 6~1 relates the figures and all tables (6-2 - 6-19) from which all
figures of this Chapter were obtained. For example Tables 6-2 to 6-6 pertain to
Figures 61 to 6-3. Table 6-9 is used in relation to Figure 6-22. All the
other tables can be connected to the relevant figures by consulting Table 6-1.

Although this report deals with the modified Hilber-Hughes algorithm, it is
beneficial to have some visual feel with some of the other algorithms. Figures
6-1(a) to 6-3(a) give the spectral norm and radius of the amplification matrix A
by the Newmark g method for the case of no structural damping (¢ = 0) for
various values of ¢ and y respectively and over a wide range of frequencies (see
abscissa of plots). Figures 6-1(b) to 6-3(b) give the spectral norm and radius
for the same parameters for the Wilson ¢ method. Figures 6-4(a) and 6-5(a) are
plots of spectral radius for the Newmark 2 method for various R, y combinations
and for some structural damping (£ = 0.10) over a frequency range. The same 1s
true for Figures 6-4(b) and 6-5(b) for the Wilson 6 method. Figures 6-6(a) and
6-6(b) display the spectral norm for the Hughes amplification matrix A (8 = 1.4,
£ =0.10, vy = 0.10, 8 = 0.916275) and the Wilson O method (8 = 1.4, &£ = 0.10)
respectively. Figures 6-7(a) and (b) are plots of spectral norm and radius by
the Newmark 3 method for a choice of g, y and structural damping (¢ = 0.10).
Figures 6-8(a), 6-8(b), 6-9(a) and 6-9(b) display spectral radius variation for
the Wilson 6, Hughes and Newmark 8 methods. All the remaining figures (Figures
69 to 6-22) pertain to the modified Hilber-Hughes method. Figure 6-10 displays
spectral norm (a) and spectral radius (b) for o« = -0.10, while Figures 6.11 to
6-17 are valid for o = 0.0. Figures 6-18 and 6-19 are for the case of o« =
-0.10, while Figures 6-20 to 622 for o = -0.20.

\ 'o,.'t,‘.’.‘.,'s?,'i‘.h‘. .
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The usefulness of these figures and tables can be explained as follows.
Consider the case of a = 0.0, y = 1.0, 6 = 1.0, £ = 0.10. Figure 6-12(b)
indicates that for the case of B = 0.50, the spectral radius drops and then
increases to nearly 1.000 in the high frequency range. The same applies to
the spectral norm. Table 6-9 indicates this and, depending on what type of
high frequency dissipation may be needed, we can see that 8 = 1.0 provides
this more effectively than B = 0.50, 8 = 1.50, and B = 2.0. At the same
time, the spectral norm is higher than for the case of B = 2.0.

Figures 6-10 through 6-22 and Tables 6-7 through 6~19, therefore,
give reasonable estimates of the parameters a, 8, vy, and 8 so that the
linearized structural system is unconditionally stable. Otherwise, one
may have to resort to Tables A-1 and A-2 of Appendix A in order to obtain
these quantities,

In conclusion, therefore, the present extension can be used as a starting
point for a more detailed study of this algorithm. It should be implemented
in a finite element program in order to verify its superior or inferior
performance with respect to dissipation, overshooting, and phase shift
properties for problems with known solutions.

6-2

i
{
i
5
b
|
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SPECTRAL NORM OF AMPLIFICATION MATRIX
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FIGURE 6-22. SPECTRAL NORM AND SPECTRAL RADIUS
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TABLE 6-1. MATR!X RELATING FIGURES AND TABLES TO EACH OTHER

FIGURE NO. TABLE NO.
6-1,6-2,6-3 6-2,6-3,64, 65,66
6-10 67

6-11 6-8

6-12 69

6-13 6-10

6-14 6-11

6-15 6-12

6-16 6-13

6-17 6-14

6-18 6-15

6-19 6-16

6-20 6-17

6-21 6-18

6-22 6-19
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TABLE 6-2.

R TN

DELTAT/PERIOD SPECTRAL RADIUS

NSWC TR 86-324

SPECTRAL NORM

W WAL WA WU o tat dgt Bt

SPECTRAL RADIUS AND NORMS BY WILSON § AND NEWMARK S METHODS FOR £t =0

SPECTRAL RADIUS GSPECTRAL NORM

m :n,n.:.t:n.tctynq!.:mﬁﬁt.t.{icp"-‘.

BY WILSON BY WILSON BY NEWMARK BY NEWMARK
0. 000000E+00 0. 100000E+01 0. 175775E+01 0. 100000E+01 0. 168889E+01
0. 250000£E+00 0. 908084E+00 0. 2068B21E+01 0. 100000E+01 0. 238791E+01
0. 500000E+00 0. 751169E+00 0. 318306E+01 0. 100000E+01 0. 430435E+01
0. 750000E+00 0. 661404E+00 0. 364548E+01 0. 100000E+01 0.515114E+01
O 100000E+01 0. 612547E+00 0. 384709E+01 0. 100000E+01 0. 553398E+01
0 125000E+01 0. 584234E+00 0. 39491 3E+01 0. 100000E+01 0. 573120E+01
0. 150000E+01 0. 5646718E+00 0. 400711E+01 0. 100000E+01 0. 584434E+01
0 175000E+01 0. 555257E+00 0. 404297E+01 0. 100000E+01 0. 591473E+01
0. 200000E+01 0. 547403E+00 0. 406663E+01 0. 100000E+01 0. 596132E+01
0. 225000E+01 0. 541810E+00 0. 408302E+01 0. 100000E+01 0. 5993469€+01
0. 250000E+01 0 &630159E+00 0. 409484E+01 0. 100000E+01 0. 601706E+01
0. 275000E+01 0. 665948E+00 0. 410363E+01 0. 100000E+01 0. 603447E+01
0. 300000E+01 0 68823%E+00 0. 411034E+01 0. 100000E+01 0. 604777E+01
0. 325000E+01 0. 703876E+00 0.411558E+01 0. 100000E+01 0. 60581 7E+01
0. 350000E+01 0. 715503E+00 0. 411975E+01 0. 100000E+01 0. 606645E+01
0. 375000E+01 0. 724472E+00 0. 412312E+01 0. 100000E+01 0. 607314E+01
0. 400000E+01 0. 731578E+00 0. 412588E+01 0. 100000E+01 0. 607862E+01
0. 425000E+01 0. 737323E+00 0. 412817E+01 0. 100000E+0Q1 0. 608318E+01
0. 450000E+01 0. 742045E+00 0. 413010E+01 0. 100000E+01 0. 608700E+01
0. 475000E+01 0. 745981E+00 0. 413172E+01 0. 100000E+01 0. 609024E+01
0. 500000E+01 0. 749299E+00 0. 413312E+01 0. 100000E+01 0. 609301E+01
0. 525000E+01 0. 752124E+00 0. 413432E+01 0. 100000E+01 0. 60953%E+01
0. 550000E+01 0. 754552E+00 0. 413536E+01 0. 100000E+01 0. 609746E+01
0. 575000E+01 0. 756654E+00 0. 4134626E+01 0. 100000E+01 0. 609927E+01
0. 600000E+01 0. 758488E+00 0. 413706E+01 0. 100000E+01 0. 610085E+01
0. 625000E+01 0. 760097E+Q0 0. 413776E+01 0. 100000E+01 0. 610225E+01
0. 650000E+01 0. 761517E+00 0. 41383%E+01 0. 100000E+01 0. 61034%E+01
0. 675000E+01 0. 762777E+00 0. 413894E+01 0. 100000E+01 0. 6104460E+01
0. 700000E+01 0. 763900£+00 0. 413944E+01 0. 100000E+01 0. 610559E+01
0. 725000E+01 0. 764906E+00 0. 413989E+01 0. 100000E+01 0. 61064B8E+01
0. 750000E+01 0. 765810E+00 0. 414029E+01 0. 100000E+01 0. 610728E+01
0. 775000E+01 0. 766626E+00 0. 414066E+01 0. 100000E+01 0. 610801E+01
0. B00O0O00E+O1 0. 767365E+00 0. 414099E+01 0. 100000E+01 0. 610867E+01
0. 825000£+01 0. 76B037E+00 0. 414129E+01 0. 100000E+01 0. 610927E+01
0. 850000E+01 0. 768648E+00 0. 414156E+01 0. 100000E+01 0. 610982E+01
0. B75000E+01 0. 769208E+00 0.414182E+01 0. 100000E+01 0. 611032E+01
0. 900000E+01 0. 769720E+00 0. 414205E+01 0. 100000E+01 0. 611078E+01
0. 925000E+01 0. 770191E+00 0. 414226E+01 0. 100000E+01 0.611121E+01
0. 950000E+01 0 770624E+00 0. 414246E+01 0. 100000E+01 0. 611160E+01
0. 975000E+01 0.771024E+00 0. 414264E+01 0. 100000E+01 0. 611196E+01
0. 100000E+02 0. 771394E+00 0. 414281E+01 0. 100000E+01 0. 611229E+01
0. 102500E+02 0. 771737E+00 0. 414296E+01 0. 100000E+01 0. 611260E+01
0. 105000E+02 0. 772056E+00 0. 414311E+401 0. 100000E+01 0. 61128%9E+01
0. 107500E+02 0. 772352E+Q0 0. 414324E+01 0. 100000E+01 0. 611316E+01
0. 110000E+02 0. 772628E+00 0. 414337E+01 0. 100000E+01 0. 611341E+01
0. 112500E+02 0. 772885E+00 0. 41434%E+01 0. 100000E+01 0. 611365E+01
0. 115000E+02 0. 773126E+00 0. 414360E+01 0. 100000E+01 0. 611387E+01
0. 117500E+02 0. 773352E+00 0. 414370E+01 0. 100000E+01 0. 611407E+01
0. 120000E+02 0. 773563E+00 0. 414380E+01 0. 100000E+01 0. 6114246E+01
0. 122500E+02 0. 773761E+00 0. 41438%E+01 0. 100000E+01 0. 611445E+01
0. 125000E+02 0. 773948E+00 0. 414397E+01 0. 100000E+01 0. 611462E+01
0. 127500E+02 0. 774124E+00 0. 414405E+01 0. 100000E+01 0. 611478E+01
NOTE CONSTANT VALUES ARE:

f =0.250 8=14
y = 0.50 £E=0
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TABLE 6-2.

NSWC TR 86-324

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM

W EIR

{CONT.)

¥ ba# *

SPECTRAL RADIUS

SPECTRAL NORM

6-27

BY WILSON BY WILSON BY NEWMARK BY NEWMARK
0. 130000E+02 0. 774289E+00 0. 414413E+01 0. 100000E+01 0. 611493E+01
0. 132500E+02 0. 774445E+00 0. 414420E+01 0. 100000E+01 0. 611507E+01
0. 135000E+02 0. 774593E+00 0. 414427E+01 0. 100000E+01 0. 611521E+01
0. 137500E+02 0. 774732E+00 0. 414433E+01 0. 100000E+01 0. 611533E+01
0. 140000E+02 0. 774864E+00 0. 414439E+01 0. 100000E+01 0. 611545E+01
0. 142500E+02 0. 77498%9E+00 0. 414445E+01 0. 100000E+01 0. 611557E+01
0. 145000E+02 0. 775108E+00 0. 414451E+01 0. 100000E+01 0. 611568E+01
0. 147500E+02 0. 775220E+00 0. 414456E+01 0. 100000E+01 0. 611578E+01
0. 150000E+02 0. 775327E+00 0. 4144561E+01 0. 100000E+01 0. 611588E+01
0. 152500E+02 0. 775429+00 0. 4144465E+01 0. 100000E+01 0. 611597E+01
0. 155000E+02 0. 775526E+00 0. 414470E+01 0. 100000E+01 0. 611606E+01
0. 157500E+02 0. 775618E+00 0. 414474E+01 0. 100000E+01 0. 611615E+01
0. 160000E+02 0. 775706E+00 0. 414478E+01 0. 100000E+01 0. 611623E+01
0. 162500E+02 0. 775790E+00 0. 414482E+01 0. 100000E+01 0. 611630E+01
0. 165000E+02 0. 775870E+00 0. 414484E+01 0. 100000E+01 0. 611638E+01
0. 167500E+02 0. 7759446E+00 0. 414489E+01 0. 100000E+01 0. 611645E+01
0. 170000E+02 0. 776020E+00 0. 414493E+01 0. 100000E+01 0. 611651E+01
0. 172500E+02 0. 776090E+00 0. 414496E+01 0. 100000E+01 0. 611658E+01
0. 175000E+02 0. 776156E+00 0. 414499E+01 0. 100000E+01 0. 611664E+01
0. 177500E+02 0. 776221E+00 0. 414502E+01 0. 100000E+01 0. 611670E+01
0. 180000E+02 0. 776282E+Q00 0. 414505E+01 0. 100000E+01 0. 61146746E+01
0. 182500E+02 0. 776341E+00 0. 414508E+01 0. 100000E+01 0. 611681E+01
0. 185000E+02 0. 7746398E+00 0. 414510E+01 0. 100000E+01 0. 611686E+01
0. 187500E+02 0. 776452E+00 0.414513E+01 0. 100000E+01 0. 611691E+01
0. 190000E+02 0. 776504E+00 0. 414515E+01 0. 100000E+01 0. 611696E+01
0. 192500E+02 0. 776554E+00 0.414517E+01 0. 100000E+01 0. 611701E+01
0. 195000E+02 0. 776602E+00 0. 414520E+01 0. 100000E+01 0. 611705E+01
0. 197500E+02 0. 77464647E+00 0. 414522E+01 0. 100000E+01 0. 611709E+01
0. 200000E+02 0. 776694E+00 0. 414524E+01 0. 100000E+01 0. 611713E+01
0. 202500E+02 0. 776737E+00 0. 414526E+01 0. 100000E+01 0. 611717E+01
0. 205000E+02 0. 776778E+Q0 0. 414528E+01 0. 100000E+01 0. 611721E+01
0. 207 500E+02 0. 776818E+00 0. 414530E+01 0. 100000E+01 0. 611725E+01
0. 210000E+02 0. 776856E+00 0. 414531E+01 0. 100000E+01 0. 611728E+01
0. 212500E+02 0. 776894E+00 0. 414533E+01 0. 100000E+01 0. 611732E+01
0. 2150008+02 0. 776930E+00 0. 414535E+01 0. 100000E+01 0. 611735E+01
0. 217500E+02 0. 7769564E+00 0. 414536E+01 0. 100000E+01 0. 611738E+01
0. 220000E+02 0. 776998E+00 0. 414538E+01 0. 100000E+01 0. 611741E+01
0. 222500E+02 0. 777030E+00 0. 414539E+01 0. 100000E+01 0. 611744E+01
0. 225000E+02 0. 777061E+00 0. 414541E+01 0. 100000E+01 0. 611747E+01
0. 227500E+02 0. 777091E+00 0. 414542E+01 0. 100000E+01 0. 611750E+01
0. 230000E+02 0.777121E+00 0. 414544E+01 0. 100000E+01 0. 611753E+01
0. 232500E+02 0. 777149E+00 0. 414545E+01 0. 100000E+01 0. 611755E+01
0. 235000E+02 0. 777176E+00 0. 414546E+01 0. 100000E+01 0. 611758E+01
0. 237500E+02 0. 777203E+00 0. 414547€E+01 0. 100000E+01 0. 611760E+01
0. 240000E+02 0. 777229E+00 0. 414549€E+01 0. 100000E+01 0. 6117463E+01
0. 242500E+02 0. 777254E+00 0. 414550E+01 0. 100000E+01 0. 611765E+01
0. 245000E+02 0. 777278E+00 0. 414551E+01 0. 100000E+01 0. 611767E+01
0. 247500E+02 0. 777301E+00 0. 414552E+01 0. 100000E+01 0. 611769E+01




TABLE 6-3.

DELTAT/PERIOD SPECTRAL RADIUS

0000000000000 00000000000000000000000000000000000000

. 000000E+0Q
. 250000E+00
. 500000E+00

750000E+00Q
100000E+01
125000E+01
150000E+01

75000E+01

00000E+01
£25000E+01
250000E+01
275000E+01
300000E+01
325000E+01
350000E+01
375000E+01
400000E+01
425000E+01
450000E+01
475000E+01
500000E+01
525000E+01
550000E+01
575000E+01
600000E+01
625000E+01
650000E+01
675000E+01
700000E+01

. 725000E+01

750000E+01
775000E+01
800000E+01
825000E+01

. 850000E+01

875000E+01
900000E+01
925000E+01
950000E+01
975000E+01
100000E+02
102500E+02
105000E+02
107500E+02
110000E+02
112500E+02
115000E+02
117500E+02
120000E+02

. 122500E+02
. 125000E+02

0.3025
0.6

B
Y

COO000000000000000000000000000000000000000000000000

Y WL SON

. 100000E+01
. B90956E+00
. 731547E+00
. 649282E+00

&07216E+00
583818E+00
969739E+00
560703E+00
554594E+00
550=287E+00
547144E+00
544784E+00
542949E+00
541544E+00
5404046E+00
539483E+00
538723E+00
538092E+00
537561E+00
537111E+00
536725E+00
S536393E+00
9536104E+00
535852E+00
535631E+00
535435E+00
535261E+00
535106E+00
5349467E+00
534843E+00
534730E+00
534628E+00

. 934536E+00
. 534452E+00

534375E+00
534304E+00
534239E+00
534180E+00
534125E+00
534074E+00
534027E+00

. 533983E+00
. 533943E+00
. 933905E+00
. 533870E+00

533837E+00
533806E+00
533777E+00
533750E+00

. 933724E+00
. 533701E+00

NOTE CONSTANT VALUES ARE:
6=15
£=0

NSWC TR 86-324

SPECTRAL NORM

SPECTRAL RADIUS

SPECTRAL RADIUS AND NORMS BY WILSON ¢ AND NEWMARK $ METHODS FOR £ =0

SPECTRAL NORM

BY WILSON BY NEWMARK BY NEWMARK
0. 176762E+01 0. 100000E+01 0. 166270E+01
0. 126407E+01 0. 9264668E+00 0. 22301 2E+01
0. 283365e+01 0. 867390E+00 0. 381794E+01
0. 318161E+01 0. B43953E+00 0. 446412E+01
0. 333084E+01 0. 8B334645E+00 0. 474643E+01
0. 340579E+01 0. 8283%4E+00 0. 488958E+01
0. 344821E+01 0. 825399E+00 0.497101E+01
0. 347438E+01 0. 823541E+00 0. 502142E+01
0. 349162E+01 0. B22314E+00 0. 505469E+01
0. 3503546E+01 0. 821462E+00 0. 507775E+01
0. 351215E+01 0. B20848E+00 0. 509437£+01
0. 351854E+01 0. B20391E+00 0. 510674E+01
0. 352342E+01 0. 820042E+00 0. 511619E+01
0. 352723E+01 0. 81976%E+00 0. 512357E+01
Q. 353026E+01 0. 8193552E+00 0. 512944E+01
0. 353270E+01 0. B19377E+00 0. 513418E+01
0. 353471E+01 0. 819233E+00 0. 513807E+01
0. 353637E+01 0. 819114E+00 0. 514130E+01
0. 353777E+01 0. 819013E+00 0. 514400E+01
0. 353895E+01 0. 818928E+00 0. 514630E+01
0. 353996E+01 0. 818856E+00 0. 514626E+01
0. 354083E+01 0. 818793E+00 0. 514995E+01
0. 354159E+01 0. 81873%9E+00 0. 515141E+01
0. 354225E+01 0. B18692E+00 0. 51326%E+01
0. 354282E+01 0. 818650E+00 0. 515381E+01
0. 354333E+01 0. 818614E+00 0. 515480E+01
0. 354379E+01 0. 818581E+00 0. 515568E+01
0. 354419E+01 0. 818552E+00 0. 515646E+01
0. 354455+01 0. B18526E+00 0. 515716E+01
0. 354488E+01 0. 818503E+00 0. 515779E+01
0. 354517E+01 0. 818482E+00 0. 515836E+01
0. 354543E+01 0. 818463E+00 0. 515888E+01
0. 354567E+01 0. 8184446E+00 0. 515934E+01
0. 354589E+01 0. 818430E+00 0. 515977E+01
0. 3544609E+01 0. 818414E+00 0. 516016E+01
0. 3544628E+01 0. 818402E+00 0. 516051E+01
0. 354644E+01 0. 818390E+00 0. 516084E+01
0. 3544660E+01 0. 818379E+00 0. 516114E+01
0. 3544674E+01 0. 8183469E+00 0. 516141E+01
0. 354687E+01 0. B18360E+00 0. 516167E+01
0. 354699E+01 0. B18351E+00 0. 516191E+01
0. 354711E+01 0. 818343E+00 0. 516213E+01
0. 354721E+01 0. B18335E+00 0. 516233E+01
0. 354731E+01 0. 818328E+00 0. 516252E+01
0. 354740E+01 Q. 818322E+00 0. 516270E+01
0. 354749E+01 0. 818315E+00 0. 516286E+01
0. 354757E+01 0. 818310E+00 0. 516302E+01
0. 354764E+01 0. 818304E+00 0. 516316E+01
0. 354771E+01 0. 818299E+00 0. 516330E+01
0. 354778E+01 0. 818294E+00 0. 516343E+01
0. 354784E+01 0. 818290E+00 0. 516355E+01




DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS

NSWC TR 86-324

TABLE 6-3.

(CONT.)

ol al

SPECTRAL NORM

ARM l.,.‘..l'..l -l ' L%, -‘l.o WD,

BY WILSON BY WILSON BY NEWMARK BY NEWMARK
0. 1273500E+02 0. 533678E+00 0. 354790E+01 Q. 818286E+00 0. 516366E+01
0O 130000E+02 0. 533657E+00 0. 354795E+01 0. 818282E+00 0. 516377E+01
0. 132500E+02 Q. 5334637E+00 0. 354801E+01 0. 818278E+00 0. 51638B7E+01
0. 135000E+02 0. 5333618E+00 0. 354804E+01 0. 818275E+00 0. 516397E+01
0. 137500E+02 0. 533600E+00 0. 354810E+01 0. 818271E+00 0. 516406E+01
0. 140000E+02 0. 933583E+00 0. 354815E+01 0. 818246BE+00 0. 516414E+01
0. 142500E+02 0. 533547E+00 0. 354819E+01 0. B18265E+00 Q. 916422E+01
0. 145000E+02 0. S33551E+00 0. 354823E+01 0. B18262E+00 0. 516430E+01
0. 147500E+02 0. $33537E+00 0. 354826E+01 0. 818260E+00 0. 516437E+01
0. 150000E+02 0. 533523E+00 0. 354830E+01 0. 818257E+00 0. 516444E+01
0. 152500E+02 0. 533510E+00 0. 354833E+01 0. 818255E+00 0. 516451E+01
0. 155000E+02 Q. 533497E+0Q0 0. 354837E+01 0. 818252E+00 0. 516457E+01
0. 157500E+02 0. 533485E+00 0. 354B40E+01 0. 818250E+00 0. 5164463E+01
0. 160000E+02 0. 533474E+Q0 0. 354843E+01 0. 818248E+00 0. 5164469E+01
Q. 162500E+02 0. 5334463E+00 0. 354845E+01 0. 818246E+00 0. 516474E+01
0. 165000E+02 0. 533453E+00 0. 354848E+01% 0. 818244E+00 0. 516479E+01
0. 167500E+02 0. 933443E+00 0. 354851E+01 0. 818242E+00 0. 516484E+01
0. 170000E+02 0. 533434E+00 0. 354853E+01 0. 818240E+00 0. 5146489E+01
0. 172500E+02 0. 533425E+00 0. 354856E+01 0. 818232E+00 0. 516494E+01
0. 175000E+02 0. 533416E+00 0. 354858E+01 0. 818237E+00 0. 516498E+01
0. 177500E+02 0. 533408E+00 0. 354860E+01 0. 818235E+00 0. 516502E+01
0. 180000E+02 0. 5334Q0E+00 0. 3548462E+01 0. 818234E+00 0. 516506E+01
0. 182500E+02 Q. 533392e+00 0. 354864E+01 0. 818233E+00 0. 516510E+01
0. 185000E+02 0. 533385SE+00 0. 354B66E+01 0. 818231E+00 0. 516514E+01
0. 187500E+02 0. 533378E+00 0. 354846B8BE+01 0. 818230E+00 0. 516517E+01
0. 190000E+02 0. 533371E+Q0 0. 35486FE+01 0. 818229E+00 0. 516521E+01
0. 192500E+02 0. 533364E+00 0. 354871E+01 0. 818227E+00 0. 516524E+01
0. 195000E+02 0. 533358E+00 0. 354873E+01 0. B18226E+00 0. 516527E+01
0. 197500E+02 0. 533352E+00 0. 354874E+01 0. B18225E+00 0. 516530E+01
0. 200000E+02 0. 533344E+00 0. 354876E+01 0. 818224E+00 0. 516533E+01
0. 202500E+02 0. 533341E+00 0. 354877E+01 0. 818223E+00 0. 516536E+01
0. 205000E+02 0. 533335E+00 0. 35487%E+01 0. 818222E+00 0. 516539E+01
0. 207500E+02 0. 533330E+00 0. 354880E+01 0. 818221E+00 0. 516541E+01
0. 210000E+02 0. 533325E+00 0. 354881E+01 0. 818220E+00 0. 5146544E+01
0. 212500E+02 0. 533320E+00 0. 354882E+01 0. 818219E+00 0. 516546E+01
0. 215000E+02 0. 533314E+00 0. 354884E+01 0. 818218E+00 0. 516548E+01
0. 217500E+02 0. 53331 1E+00 0. 354885E+01 0. 818218E+00 0. 516551E+01
0. 220000E+02 0. 533307E+00 0. 354884E+01 0. 818217E+00 0. 51464553E+01
0. 222500E+02 0. 533303E+00 0. 354887E+01 0. 818216E+00 0. 5146555E+01
0. 225000E+02 0. 533299E+00 0. 354888E+01 0. 818215E+00 0. 516557E+01
0. 227500E+02 0. 533295E+00 0. 354889E+01 0. 818214E+00 0. 516559E+01
0. 230000E+02 0. 533291E+00 0. 354890E+01 0. B18214E+00 0. 516561E+01
0. 232500E+02 0. 5332B7E+00 0. 354891E+01 0. 818213E+00 0. 516563E+01
0. 235000E+02 0. 533284E+00 0. 354892E+01 0. B18212E+00 0. 516564E+01
0. 237500E+02 0. 533280E+00 0. 354893E+01 0. B18212E+00 0. 516566E+01
0. 240000E+02 0. 533277E+00 0. 354894E+01 0. 818211E+00 0. 516568E+01
0. 242500E+02 0. 533274E+00 0. 354895E+01 0. 818211E+00 0. 516570E+01
0. 245000E+02 0. 533270E+00 0. 354895E+01 0. B18210E+00 0. 516571E+01
0. 247500E+02 0. 533267E+00 0. 354B94E+01 0. 818209E+00 0. 516573E+01
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TABLE 64.

NSWC TR 86-324

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS

SPECTRAL RADIUS AND NORMS BY WILSON § AND NEWMARK § METHODS FOR £E=0

SPECTRAL NORM

BY NEWMARK

NOTE CONSTANT VALUES ARE:
6=1.7
£=0

f =0.4225
y =08

BY WILSON BY WILSON BY NEWMARK
0. 000000E+00 0. 100000E+01 0. 178535E+01 0. 100000E+01 O
0. 250000E+00 0. B6428%E+00 0. 181064E+01 0. 7984%0E+00 o)
0. 500000E+00 0. 715152E+00 0. 233340€E+01 0. 653671E+00 0
0. 750000E+00 0. 651198E+00 0. 253185E+01 0. 598609E+00 0
0. 100000E+01 0. 621652E+00 0. 261503E+01 0. 574546E+00 0
0. 125000E+01 0. 606167E+00 0. 265637E+01 0. 562298E+00 0
0. 150000E+01 0. 597184E+00 0. 267963E+01 0. 555311E+00 0
0. 175000E+01 0. 591553E+00 0. 269394E+01 0. 550976E+00 0.
0. 200000E+01 0. 58780BE+00 0. 270335E+01 0. 548112E+00 0
0. 225000E+01 0. 585197E+00 0. 270985E+01 0. 546124E+00 0.
0. 250000E+01 0. 583307E+00 0. 271453E+01 0. 5446%0E+00 0.
0. 275000E+01 0. 581896E+00 Q. 271801E+01 0. 543623E+00 0o
0. 300000E+01 0. 580817E+00 0. 272066E+01 0. 542807E+00 0
0. 325000E+01 0. 579972E+00 0. 272273E+01 0. 542170E+00 o
0. 350000E+01 0. 579300E+00 0. 272438E+01 0. 541663E+00 0o
0. 375000E+01 0. 578755E+00 0. 272570E+01 0. 541253E+00 0
0. 400000E+01 0. 578308E+00 0. 272679E+01 0. 540917E+00 0
0. 425000E+01 0. 577937E+00 0. 272770E+01 0. 540638E+00 0
0. 450000E+01 0. 577624E+00 0. 272845E+01 0. 540404E+00 0.
0. 475000E+01 0. 977362E+00 0. 272910E+01 0. 540206E+00 0.
0. 500000E+01 0. 577136E+00 0. 272965E+01 0. 540037E+00 0.
0. 525000E+01 0. 5746942E+00 0. 273012E+01 0. 539891E+00 0
0. 550000E+01 0. 576773E+00 0. 273053E+01 0. 5339764E+00 0.
0. 575000E+01 0. 5746624E+00 0. 273088E+01 0. 539654E+00 0.
Q. 600000E+01 0. 576496E+00 0. 273120E+01 0. 539557E+00 0
0. 625000E+01 0. 5746382E+00 0. 273147E+01 0. 539471E+00 o
0. 650000E+01 0. 576281E+00 0. 273172E+01 0. 539395E+00 0o
0. 675000E+01 0. 576191E+00 0. 273194E+01 0. 539327E+00 0
0. 700000E+01 0. 576110E+00 0. 273213E+01 0. 539267E+00 0
0. 725000E+01 0. 576037E+00 0. 273231E+01 0. 539212E+00 0
0. 750000£+01 0. 575971E+00 0. 273247E+01 0. 539163E+00 0
0. 775000E+01 0. 575912E+00 0. 273261E+01 0. 539119E+00 0
0. BOOOOOE+01 0. 575858E+00 0. 273274E+01 0. 539078E+00 0
0. 825000E+01 0. 575809E+00 0. 273286E+01 0. 539042E+00 0
0. 850000E+01 0. 575764E+00 0. 273297E+01 0. 539008E+00 0
0. 875000E+01 0. 575723E+00 0. 273307E+01 0. 538977E+00 0
0. 200000E+01 0. 575686E+00 0. 273316E+01 0. 538949E+00 o
0. 925000E+01 0. 575651E+00 0. 273325e+01 0. 538923E+00 0
0. 950000E+01 0. 57561 9E+00 0. 273332E+01 0. 538899E+00 0
0. 975000E+01 0. 575589E+00 0. 27333%E+01 0. 538877E+00 0o
0. 100000E+02 0. 575562E+00 0. 273346E+01 0. 3388356E+00 0.
0. 102500E+02 0. 575537E+00 0. 273352E+01 0. 538837E+00 o]
0. 105000E+02 0. 575513E+00 0. 273358E+01 0. 538820E+00 0.
0. 107500E+02 0. 575491E+00 0. 273363E+01 0. 538803E+00 0.
0. 110000E+02 0. 375471E+00 0. 273368E+01 0. 538788BE+00 o
0. 112500E+02 0. 373452E+00 0. 273373e+01 0. 538774E+00 0
0. 115000E+02 0. "75434E+00 0. 273377€E+01 0. 538760E+00 0
0. 117500E+02 0 575417E+00 0. 273381E+01 0. 538748E+00 0.
0. 120000E+02 0. 575401E+00 0. 273385E+01 0. 538736E+00 0o
0. 122500E+02 0. 575384E+00 0. 273389E+01 0. 538725E+00 (o]
0. 125000£+02 0. 575372E+00 0. 273392E+01 0. 538714E+00 0

- 162712E+01
. 197470E+01
- 309811E+01
. 349840E+01
. 366474E+01
. 374722E+01
. 379360E+01

382212E+01

. 384087E+01

385382E+01
386314E+01

. 387006E+01
. 387534E+01
. 387946E+01
. 388274E+01
. 38853%9E+01
. 388756E+01
. 388936E+01

389087E+01
389214E+01
389324E+01

. 389418E+01

389499E+01
389570E+01

. 389433E+01
. 389688E+01
. 389737E+01
. 389780E+01
. 389819E+01
. 389854E+01
. 389886E+01
. 389915E+01
. 389941E+01
. 3899464E+01
. 389986E+01
. 390006E+01
. 390024E+01
. 390040E+01
. 390054E+01
. 390070E+01

390083E+01

. 390093E+01

390107€E+01
390117€E+01

. 390127E+01
. 390134E+01
. 390145E+01

390153€+01

. 390161E+01
. 390168E+01
. 390175E+01

&




NSWC TR 86-324

TABLE 6-4.

{CONT.)

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM

N'ﬂm“nﬂ.“:r“C'Eﬂ:ﬁiiﬁ’ﬁ'ﬁiﬁii“E-Extif,“"B'ﬁaﬁ Yy ‘)‘\

‘\'b)’l a¥ s Pl
§ 9,4 X a N ()

Y

y

__BY WILSON BY WILSON BY NEWMARK BY NEWMARK
0. 127500E+02 0. 575359E+00 0. 273395E+01 0. 538705E+00 0. 390181E+01
0. 130000E+02 0. 575347E+00 0. 273398E+01 0. 538695E+00 0. 390187E+01
0. 132500E+02 0. 575335%E+00 0. 273401E+01 0. 538687E+00 0. 390192E+01
0. 135000E+02 0. 575324E+00 0. 273404E+01 0. 538678E+00 0. 390198E+01
0. 137500E+02 0. 575314E+00 0. 273406E+01 0. 5384671E+00 0. 390203E+01
0. 140000E+02 0. 575304E+00 0. 273408BE+01 0. 538663E+00 0. 390208E+01
0. 142500E+02 0. 575295E+00 0. 273411E+01 0. 538656E+00 0. 390212E+01
0. 145000E+02 0. 575286E+00 0. 273413E+01 0. 538649E+00 0. 320216E+01
0. 147500E+02 0. 575277E+00 0. 273415E+01 0. 538643E+00 0. 390220E+01
0. 150000E+02 Q. 575269E+00 0. 273417E+01 0. 538637E+00 0. 390224E+01
0. 152500E+02 0. 575262E+00 0. 273419E+01 0. 538631E+00 0. 390228E+01
0. 155000E+02 0. 575254E+00 0. 273420E+01 0. 53Bb26E+00 0. 390231E+01
0. 157500E+02 0. 575247E+00 0. 273422E+01 0. 538621E+00 0. 390235E+01
0. 160000E+02 0. 575241E+0Q0 0. 273424E+01 0. 538616E+00 0. 390238E+01
0. 162500E+02 0. 575235E+00 0. 273425E+01 0. 538611E+00 0. 390241E+01
0. 165000E+02 0. 575229E+00 0. 273427E+01 0. 538607E+00 0. 390244E+01
0. 167500E+02 0. 575223E+00 0. 273428E+01 0. 538602E+00 0. 390247E+01
0. 170000E+02 0. 575217E+00 0. 27342%E+01 0. 538598E+00 0. 39024%E+01
0. 172500E+02 0. 575212E+00 0. 273431E+01 0. 538594E+00 0. 390252E+01
0. 175000E+02 0. 575207E+Q0 0. 273432E+01 0. 538591E+00 0. 390254E+01
0. 177500E+02 0. 575202E+00 0. 273433E+01 0. 538587E+00 0. 390254E+01
0. 180000E+02 0. 575198E+00 0. 273434E+01 0. 538584E+00 0. 390259E+01
0. 182500E+02 0. 575193E+00 0. 273435E+01 0. 538580E+00 0. 390261E+01
0. 185000E+02 0. 575189E+00 0. 273436E+01 0. 53B577E+00 0. 3902463E+01
0. 187500E+02 0. 575185E+00 0. 273437E+01 0. 538574E+00 0. 390265E+01
0. 190000E+02 0. 575181E+00 0. 273438E+01 0. 538571E+00 0. 390267E+01
0. 192500E+02 0. 575177E+00 0. 273439E+01 0. 538568E+00 0. 39026E+01
0. 195000E+02 0. 575173E+00 0. 273440E+01 0. 538565E+00 0. 390270E+01
0. 197500E+02 0. 575170E+00 0. 273441E+01 0. 538563E+00 0. 390272E+01
0. 200000E+02 0. 575167E+00 0. 273442E+01 0. 53B560E+00 0. 390274E+01
0. 202500E+02 0. 575163E+00 0. 273442E+01 0. 538558E+00 0. 390275E+01
0. 205000E+02 Q. 575160E+00 0. 273443E+01 0. 538556E+00 0. 390277E+01
0. 207500E+02 0. 575157E+00 0. 273444E+01 0. 538553E+00 0. 390278E+01
0. 210000E+02 0. 575154E+00 0. 273445E+01 0. 538551E+00 0. 390280E+01
0. 212500E+02 0. 575152E+00 0. 273445E+01 0. 538549E+00 0. 390281E+01
0. 215000E+02 0. 575149E+00 0. 273446E+01 0. 538547E+00 0. 390282E+01
0. 217500E+02 0. 575146E+00 0. 273447E+01 0. 538545E+00 0. 390283E+01
0. 220000E+02 0. 575144E+00 0. 273447E+01 0. 538543E+00 0. 390285E+01
0. 222500E+02 0. 575141E+00 0. 273448E+01 0. 538541E+00 0. 390286E+01
Q. 225000E+02 0. 57513%E+00 0. 273448E+01 0. 538540E+00 0. 390287E+01
0. 227500E+02 0. 575137E+00 0. 273449E+01 0. 538538E+00 0. 390288E+01
0. 230000E+02 0. 575134E+00 0. 273449E+01 0. 538536E+00 0. 390289E+01
0. 232500E+02 0. 5751 32E+00 0. 273450E+01 0. 538535E+00 0. 390290E+01
0. 235000E+02 0. 575130E+00 0. 273450E+401 0. 538533E+00 0. 390291E+01
0. 237500E+02 0. 575128E+00 0. 273451E+01 0. 538532E+00 0. 390292E+01
0. 240000E+02 0. 575126E+00 0. 273451E+01 0. 538530E+00 0. 390293E+01
0. 242500E+02 0. 575124E+00 0. 273452E+01 0. 538529€E+00 0. 390294E+01
Q. 245000E+02 0. 575123€E+00 0. 273452E+01 0. 538527E+00 0. 390295E+01
0. 247500E+02 0. 575121E+00 0. 273453E+01 0. 538526E+00 0. 390296E+01
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TABLE 6-5.

DELTAT/PERIOD SPECTRAL RADIUS GSPECTRAL NDRM SPECTRAL RADIUS SPECTRAL NORM

0000000000000 0000000000000000000C0000000000000C00000

. OOOOOOE+D0
. 250000E+00
. 500000E+00

750000E+00

. 100000E+01

125000E+01

. 150000E+01

175000E+01
200000E+01
225000E+01
250000E+01
275000E+01
300000E+01
325000E+01

. 350000E+01
. 375000E+01

400000E+01
425000E+01
450000E+01
475000E+01
500000E+01
525000E+01

. 550000E+01
. 575000E+01
. 600000E+01
. 625000E+01

650000E+01
675000E+01
700000E+01

. 725000E+01
. 750000E+01
. 775000E+01
. 800000E+01

825000E+01

. 850000€E+01
. 875000E+01
. 900000E+01
. 925000E+01
. 950000E+01
. 975000E+01
. 100000E+02

102500E+02
105000E+02
107500E+02

. 110000E+02

112500E+02
115000E+02
117500E+02

. 120000E+02
. 122500E+02
. 125000E+02

0000000000000 C0CO0000000000000000000000000000000000

BY WILSON ___ BY WILSON __  RBY NEWMARK ___BY NEWMARK

. 100000E+01
. 840120E+00

719332E+00
&77452E+00
659864E+00
651079E+00

. 646119E+00

643060E+00
641046E+00
639652E+00
638649E+00
&37903E+00
637334E+00

. 636889E+00
. 636536E+00
. 636250E+00

636016E+00
635822E+00
635659E+00
635521E+00
&35403E+00
4&35302E+00
635214E+00

. 435137E+00
. &35069E+00
. 635010E+00

634957E+00
634910E+00
634868E+00
634830E+00

. &34796E+00

634765E+00

. &34737E+00

634711E+00

. 6344688E+00
. 6346467E+00
. 634647E+00
. 634629E+00
. &345612E+00

634597E+00
634583E+00
634569E+00
634557E+00
634546E+00
634535E+00
634525E+00
634516E+00
&34507E+00

. 634499E+00

634491E+00

. 6344B4E+00

NOTE CONSTANT VALUES ARE:

f=0.64
y = 1.1

8=20

NSWC TR 86-324

000000000000 000000000000000000000000000000000000000

. 180773E+01

167656E+01

. 190876E+01
. 199299E+01

202761E+01

. 2044468E+01
. 205424E+01
. 206010E+01
. 206395E+01

206661E+01

. 206852E+01
. 206994E+01

207102E+01

. 207187E+01
. 207254E+01
. 207308E+01

207352E+01
207389E+01
207420E+01
207446E+01

. 207469E+01
. 207488E+01

207504E+01

. 207519E+01
. 207532E+01
. 207543e+01

207553E+01

. 207562E+01

207570E+01

. 207577€E+01
. 207584E+01
. 207589E+01
. 207595E+01

207600E+01

. 207604E+01

207608E+01
207612E+01
207615E+01
207618E+01
207621E+01

. 207624E+01
. 207626E+01
. 207629E+01

207631E+01

. 207633E+01
. 207635E+01
. 207637E+01
. 207638E+01
. 207640E+01
. 207641E+01
. 207643E+01

6-32

0000000000000 00000000000000000C0AC0000000000000000C

. 100000E+01
. 652682E+00
. 436617E+00
. 352318E+00

313356E+00
292678E+00

. 280546E+00

272876E+00
267741E+00
264145E+00
261533E+00

. 259578E+00
. 258079E+00

2546904E+00

. 2595967E+00

255208E+00
254585E+00

. 254066E+00

253631E+00

. 253262E+00
. 252946E+00

252674E+00
252438E+00

. 252232E+00

252051E+00
251891E+00
251749E+00

. 291622E+00
. 251509E+00
. 251407E+00

251315E+00
251232E+00
251156E+00
251087E+CO

. 251024E+00
. 250967E+00
. 250914E+00
. 2508465E+00
. 250821E+00

250779E+00

. 250741E+00
. 250705E+00
. 250472E+00
. 250641E+00
. 25061 2E+00

250585E+00
2505460E+00

. 250537E+00
. 25G515E+00
. 250494E+00

250474E+00

CO0000000000000000000000000000000000000000000000000

SPECTRAL RADIUS AND NORMS BY WILSON § AND NEWMARK $ METHODS FOR £=0

. 162712E+01
. 170049E+01
. 241699E+01
. 263880E+01

272677E+01

. @76955E+01
. 279335E+01
. 280791E+01
. 281743E+01

282400E+01
282872E+01
283222E+01
283489E+01

. 283697E+01
. 283862E+01
. 283996E+01
. 284105E+01
. 2B4196E+01
. 284272E+01
. 2B84336E+01
. 2B4391E+01
. 284439E+01

284480E+01

. 284515E+01
. 284547E+01
. 284575E+01
. 284599E+01

284621E+01
2844641E+01
2844658E+01

. 284674E+01
. 2846B89E+01
. 284702E+01
. 284714E+01
. 284725E+01
. 284735E+01
. 284744E+01
. 284752€E+01
. 284760E+01
. 284767E+01

2B4774E+01

. 284780E+01
. 284785E+01

284791E+01
284796E+01
284800E+01

. 284805E+01

284809E+01

. 284813E+01
. 284816E+01
. 284820€E+01




TABLE 6-5.

NSWC TR 86-324

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM

{CONT.)

E R AN PUE VU A FOE PUN PN VLI PO 7L PLN T PUNN 7L VLI P PUNC PR FUSE L PR TR

SPECTRAL RADIUS SPECTRAL NORM

BY WILSON BY WILSON BY NEWMARK BY NEWMARK
0. 127500E+02 0. 634477E+00 0. 207644E+01 0. 250456E+00 0. 284823E+01
0. 130000E+02 0. 634471E+00 0. 207645E+01 0. 250439E+00 0. 284826E+01
0. 132500E+02 0. 6344465E+00 0. 207646E+01 0. 250422E+00 0. 284829E+01
0. 135000E+02 0. 634459E+00 0. 207647E+01 0. 250407E+00 0. 284831E+01
0. 137500E+02 0. 634453E+00 0. 207648E+01 0. 250392E+00 0. 284834E+01
0. 140000E+02 0. 634448E+00 0. 207649E+01 0. 250378E+00 0. 284836E+01
0. 142500E+02 0. 634443E+00 0. 207650E+01 0. 250365E+00 0. 284838E+01
0. 145000E+02 0. 634439E+0Q0 0. 207651E+01 0. 250353E+00 0. 284841E+01
0. 147500E+02 0. 634434E+00 0. 207652E+01 0. 250341E+00 0. 284843E+01
0. 150000E+02 0. 634430E+00 0. 207653E+01 0. 250330E+00 0. 284844E+01
0. 152500E+02 0. 634426E+00 0. 207654E+01 0. 25031 2E+00 0. 284846E+01
0. 155000E+02 0. 634423E+00 0. 2074654E+01 0. 250309E+00 0. 284848E+01
0. 157500E+02 0. 634419E+00 0. 207655E+01 0. 250299E+00 0. 284850E+01
0. 160000E+02 0. 63441 6E+00 0. 207656E+01 0. 250290E+00 0. 284851E+01
0. 162500E+02 0. 634412E+00 0. 2074656E+01 0. 250281E+00 0. 284853E+01
0. 165000E+02 0. 634409E+00 0. 207657E+01 0. 250272E+00 0. 284854E+01
0. 167500E+02 0. 634406E+00 0. 207657E+01 0. 250264E+00 0. 284856E+01
0. 170000E+02 0. 634403E+00 0. 2074658E+01 0. 250257E+00 0. 284857E+01
0. 172500E+02 0. 634401E+00 0. 207658E+01 0. 250249E+00 0. 284858E+01
0. 175000E+02 Q. 634398E+00 0. 207659E+01 0. 250242E+00 0. 284860E+01
0. 177500E+02 0. 634395E+00 0. 207659E+01 0. 250235E+00 0. 284861E+01
0. 180000E+02 0. 634393E+00 0. 2076560E+01 0. 250229E+00 0. 284862E+01
0. 182500E+02 0. 634391E+00 0. 207660E+01 0. 250223E+00 0. 2B84843E+01
Q. 185000E+02 0. 634389E+00 0. 207661E+01 0. 250217E+00 0. 284864E+01
0. 187500E+02 0. 6343B4E+00 0. 207661E+01 0. 250211E+00 0. 2848465E+01
0. 190000E+02 0. 6343B4E+00 0. 207661E+01 0. 250205E+00 0. 2B4864E+01
0. 192500E+02 0. 63438B2E+00 0. 207662E+01 0. 250200£+00 0. 2848467E+01
0. 195000E+02 0. 6343B1E+00 0. 207662E+01 0. 250195&+00 0. 28484BE+01
0. 197500E+02 0. 634379E+00 0. 2076463E+01 0. 250190E+00 0. 2848469E+01
0. 200000E+02 0. 634377E+00 0. 207663E+01 0. 250185E+00 0. 2848469E+01
0. 202S00E+02 0. 634375E+00 0. 207663E+01 0. 250181E+00 0. 284870E+01
0. 205000E+02 0. 634374E+00 0. 207664E+01 0. 250177E+400 0. 284871E+01
0. 207500E+02 0. 634372E+00 0. 207664E+01 0. 250172E+00 0. 284872E+01
0. 210000E+02 0. 634371E+00 0. 207664E+01 0. 2501 68E+00 0. 284872E+01
0. 212500E+02 0. 634369E+00 0. 207664E+01 0. 250164E+00 0. 284873E+01
0. 215000E+02 0. 634368E+00 0. 207665E+01 0. 2501460E+Q0 0. 284874E+01
0. 217500E+02 0. 6343646E+00 0. 207665E+01 0. 250157E+00 0. 284874E+01
0. 220000E+02 0. 634365E+00 0. 207665E+01 0. 250153E+00 0. 284875E+01
0. 222500E+02 0. 634364E+00 0. 207665E+01 0. 2501 50E+00 0. 2B84875E+01
0. 225000E+02 0. 634363E+00 0. 207666E+01 0. 250147E+00 0. 284874E+01
0. 227500E+02 0. 634361E+00 Q. 2076646E+01 0. 250143E£+00 0. 284877E+01
0. 230000E+02 0. 634360E+00 0. 2076466E+01 0. 250140E+00 0. 284877E+01
0. 232500E+02 0. 634359E+00 0. 207666E+01 0. 250137E+00 0. 284878E+01
0. 235000€+02 0. 634358E+00 0. 207666E+01 0. 250134E+00 0. 284878E+01
0. 237500E+02 0. 634357E+00 0. 2076467E+01 0. 250132E+00 0. 284879E+01
0. 240000E+02 0. 6343546E+00 0. 207667E+01 0. 250129e+00 0. 284879E+01
0. 242500E+02 0. 634355E+00 0. 207667E+01 0. 250126E+00 0. 284880E+01
0. 245000E+02 0. 634354E+00 0. 207667E+01 0. 250124E+00 0. 284880E+01
0. 2347500E+02 0. 634353E+00 0. 207667E+01 0. 250121E+00 0. 284880E+01
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SPECTRAL RADIUS AND NORMS BY WILSON § AND NEWMARK 8 METHODS FOR £ =0

SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM

BY WILSON BY WILSON BY NEWMARK BY_NEWMARK
0. 000000E+00 0. 100000E+01 0. 183153E+01 0. 100000E+Q1 0. 175963E+01
0. 250000E+00 0. 827830E+00 0. 160266E+01 0. 537029E+00 0. 145762E+01
0. 500000E+00 0. 742382E+00 0. 166932E+01 0. 303314E+00 0. 189843E+01
0. 750000E+00 0. 717805E+0Q0 0. 169374E+01 0. 207584E+00 0. 202004E+01
0. 100000E+01 0. 708155E+00 Q. 170370E+401 0. 157177E+00 0. 206667E+01
0. 125000E+01 0. 703479E+00 0. 170858E+01 0. 124304E+00 0. 208902E+01
0. 150000E+01 0. 700879E+00 0. 171131E+01 0. 105511E+00 0. 210137E+01
0. 175000E+01 0. 699291E+00 0. 171298E+01 0. 905719E-01 0. 210890E+01
0. 200000E+01 0. 698252E+00 0. 171408E+01 0. 793267E-01 0. 211381E+01
0. 225000E+01 0. 697535E+00 0. 171483E+01 0. 705592E-01 0. 211719E+01
0. 250000E+01 0. 697021E+00 0. 171538E+01 0. 635334E-01 0. 2119462E+01
0. 275000E+01 0. 696639E+00 0. 171578E+01 0. 577778E-01 0. 212141E+01
O. 300000E+01 0. 696348BE+00 0. 171609E+01 0. 529771E-01 0. 212278BE+01
0. 325000E+01 0. &96122E+00 0. 171633E+01 0. 489121E-01 0. 212385E+01
0. 350000E+01 0. 695942E+00 0. 171652E+01 0. 454259E-01 0. 212470E+01
0. 375000E+01 0. 695796E+00 0. 1716468E+01 0. 424031E-01 0. 212538E+01
0 400000E+01 0. 695677E+4+00 0. 171680E+01 Q. 397573E-01 0. 212594E+01
0. 425000E+01 0. 695578E+00 0. 1714691E+01 0. 374220E-01 0. 212641E+01
0. 450000E+01 0. 693495E+00 0. 171699E+01 0. 353457E-01 0. 212680E+01
0. 475000E+01 0. 495425E+00 0. 171707E+01 0. 334875E-01 0. 212713E+01
0. 500000E+01 0. 695365E+00 0.171713E+01 0. 318149E-01 0. 212741E+01
0. 525000E+01 0. 695314E+00 0.171719E+01 0. 303013E-01 0. 2127465E+01
0. 550000E+01 0. 695269E+00 0. 171723E+01 0. 289252E-01 0. 2127846E+01
0. 575000E+01 0. 695230E+00 0. 171728401 0. 274646B5E-01 0. 212805E+01
0. 600000E+01 0. 695196E+00 0. 171731E401 0. 2651465E-01 0. 212821E+01
0. 625000E+01 0. 695165E+00 0. 171734E+01 0. 254565E-01 0. 212835E+01
0. 650000E+01 0. 69513BE+00 0. 171737E+01 0. 244780E-01 0. 212847E+01
0. 675000E+01 0. 695115E+00 0. 171740E+01 0. 235720E-01 0. 212859E+01
0. 700000E+01 0. 695093E+00 0. 171742E+01 0. 227305E-01 0. 21284%9E+01
0. 725000E+01 Q. 695074E+00 0. 171744E+01 0. 219471E-01 0. 212878E+01
0. 750000E+01 0. 95057E+00 0. 171746E+01 0. 21215%9€E-01 0. 212884E+01
0. 775000E+01 0. 695041E+00 0. 171748E+01 0. 20531 8BE~-01 0. 212893E+01
0. 800000E+0O1 0. 695027E+00 0. 171749E+01 0. 198904E-01 0. 212900E+01
0. B25000E+01 0. 695014E+00 0. 1717%50E+01 0. 192879E-01 0. 212906E+01
0. 850000E+01 0. 695002E+00 0.171752E+01 0. 187208E-01 0. 212912E+01
0. 875000E+01 0. 694991E+00 0. 171753E+01 0. 181861E-01 0. 212917E+01
0. 900000E+01 0. 694981E+00 0. 171754E+01 0. 1746811E-01 0. 212921E+01
0. 925000E+01 0. 694972E+00 0. 171755E+01 0. 172034E-01 0. 212926E+01
0. 950000E+01 0. 6949564E+00 0. 171756E+01 0. 167508E-01 0. 212930E+01
0. 975000E+01 0. 694956E+00 0.171757E+01 0. 1643214E-01 0. 212933E+01
0. 100000E+02 0. 694949E+00 0.171757E+01 0. 159135E-01 0. 212937E+01
0. 102500E+02 0. 494942E+00 0.171758E+01 0. 155254E-01 0. 212940E+01
0. 105000E+02 0. 694936E+00 0. 171759E+01 0. 151559E-01 0. 212943E+01
0. 107500E+02 0. 694930E+00 0. 171759E+01 0. 148035E-01 0. 212945E+01
0. 110000E+02 0. 694924E+00 0. 171760E+01 0. 1444671E-01 0. 212948BE+01
0. 112500E+02 0. 694919E+00 0. 171760E4+01 0. 141457E-01 0. 212950E+01
0. 115000E+02 0. 69491 5E+00 0.171761E+401 0. 138382E-01 0. 212953E+01
0. 117500E+02 0. 69491 0E+00 0.171761E+01 0. 135439E-01 0. 212955E+01
0. 120000E+02 0. 694906E+00 0. 171762E+01 0. 132617E-01 0. 212957E+01
0. 122500E+02 0. 694902E+00 0. 171762E+01 0. 129911E-01 0. 212958E+01
0. 125000E+02 0. 694898E+00 0. 171763E+01 0. 127314E-01 0. 2129460E+01
NOTE CONSTANT VALUES ARE:

B=1.0 =24
y=156
6-34
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BY WILSON BY WILSON BY NEWMARK BY NEWMARK
0. 127500E+02 0. 694895E+00 0. 171763E+01 0. 124818E-01 0. 212962E+01
0. 130000E+02 0. 694892E+00 0.171763E+01 0. 122418E-01 0. 212963E+01
0. 132500E+02 0. 694889E+00 0. 171764E+01 0. 120108&-01 0. 212965E+01
0. 135000E+02 0. 694886E+00 0. 171764E+01 0. 117884E-01 0. 212966E+01
0. 137500E+02 0. 694883E+00 0. $71764E+01 0.115741E-01 0. 212967E+01
0. 140000E+02 0. 694880E+00 0. 1717465E+01 0. 113675E-01 0. 21296%E+01
0. 14z2500E+02 0. 69487BE+00 0. 171765E+01 0.111681E-01 0. 212970E+01
0. 145000E+02 0. 694876E+00 0. 171765E+01 0. 109755SE-01 0. 212971E+01
0. 147500E+02 0. 6924873E+00 0.171765E+01 0. 107895E-01 0. 212972E+01
0. 150000&+02 0. 624871E+00 0. 171766E+01 0. 106097E-01 0. 212973E+01
0 152500E+02 0. 694869E+00 0. 171766E+01 0. 104358E-01 0. 212974E+01
0. 155000E+0Q2 0. 6948467E+00 0. 171766E+01 0. 102675E-01 0. 212975E+01
0. 157500E+02 0. 694866E+00 0. 171766E+01 0. 101046E-01 0. 212976E+01
0. 160000E+02 0. 694864E+00 0. 171766E+01 0. 9944669E-02 0. 212977E+01
0. 162500E+02 0. 6948462E+Q0 0. 171767E+01 0. 979368E-02 0. 212977E+01
0. 165000E+02 0. 694861E+00 0.171767E+01 0. 964531E-02 0. 212978E+01
0. 167500E+02 0. 694859E+00 0.171767E+01 0. 950136E~02 0. 212979E+01
0. 170000E+02 0. 694858E+00 0.171767E+01 0. 936165E-02 0. 212979E+01
0. 172500E+02 0. 694856E+00 0.171767E+01 0. 922598E-02 0. 212980E+01
0. 175000E+02 0. 694855E+00 0.171767E+01 0. 909419e-02 0. 212981E+01
0. 177500E+02 0. 6924854E+00 0. 171767E+01 0. BR46612E-02 0. 212981E+01
0. 180000E+02 0. 694852E+00 0. 17176BE+01 0. 8841460E-02 0. 212982E+01
0. 182500E+02 0. 624851E+00 0. 17176BE+01 0. B7204%9E-02 0. 212982E+01
0. 185000E+02 0. 694850E+00 0. 171768E+01 0. B60265E-02 0. 212983E+01
0. 187500E+02 0. 694849E+00 0. 171768E+01 0. 8487946E-02 0. 212983E+01
0. 190000E+02 0. 694848E+00 0. 171768BE+01 0. 837628E-02 0. 212984E+01
0. 192500E+02 0. 694847E+00 0. 171768BE+01 0. B26751E-02 0. 212984E+01
D. 195000E+02 0. 694B46E+00 0.171768BE+01 0. 816152€-02 0. 212985E+01
0. 197500E+02 0. 694845E+00 0.171768E+01 0. 805822E-02 0. 212985E+01
0. 200000E+02 0. 694B44E+00 0. 171768E+01 0. 795750E-02 0. 212986E+01
0. 202500E+02 0. 694843E+00 0. 171769E+01 0. 765926E-02 0. 212986E+01
0. 205000E+02 0. 6948B43E+00 0. 1717469E+01 0. 776342E-02 0. 212986E+01
0. 207500E+02 0. 694842E+00 0. 171769E+01 0. 766989E-02 0. 212987E+01
0. 210000E+02 0. 694841E+00 0. 17176%E+01 0. 757859E-02 0. 212987E+01
0. 212500E+02 0. 694B40E+Q0 0. 171769E+01 0. 748943E-02 0. 212988E+01
0. 215000E+02 0. 694840E+00 0. 17176%9€E+01 0. 740235E-02 0. 212988BE+01
0. 217500E+02 0. 694839E+00 0. 171769E+01 0. 731727E-02 0. 212988E+01
0. 220000E+02 0. 694838E+00 0. 1717469E+01 0. 723413e-02 0. 212989E+01
0. 222500E+02 0. 69483BE+00 0. 17174%E+01 0. 715285E-02 0. 212989E+01
0. 225000E+02 0. 694837E+00 0. 171769E+01 0. 707338E-02 0. 21298%E+01
0. @27500E+02 0. 694836E+00 0. 1717469E+01 0. 699565E-02 0. 21298%E+01
0. 230000E+02 0. 694836E+00 0. 1717469E+01 0. 691961E-02 0. 212990E+01
0. 232500E+02 0. 694835E+00 0. 171769E+01 0. 6B4521E-02 0. 212990E+01
0. 235000E+02 0. 694835E+00 0. 171769E+01 0. 677240E-02 0. 212990E+01
0. 237500E+02 0. 694834E+00 0. 171769E+01 0. 670111E-02 0. 212990E+01
0. 240000E+02 0. 694834E+00 0.171770E+01 0. 663131E-02 0. 212991E+01
0. 242500E+02 0. 694833E+00 0. 171770E+01 0. 656295E-02 0. 212991&+01
0. 245000E+02 0. 694833E+00 0.171770€E+01 0. 649598E-02 0. 212991E+01
0. 247500E+02 0. 694832E+00 0.171770E+01 0. 643037E-02 0. 212991E+01
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. J00TVCE+OR
. 38gdeeE-01
.100000E+00
. 2008Q0E+RR
. 300080E+00

S00000E+00

. 7S0080E+00
. 100800E+01
.150000E+01
. 200000E+0L
. 300000E+04
. 400000E+01
.500000E+01
. 100000E+02
. 2008QRE+E2
. 300000E+02
. 40080CE+O2
.500000E+02
. 750000E+02
. 100000E+03
. 200000E+R3
. 300090E+03
. 400000E+03
.500000E+03
. 750008E+03
. 100000E+04
. 200200E+04
. 320000E+04
. 400Q00E+24
.500002E+04
. 75 0000E+04
. 100002E+05

SPECTRAL NORM AND RADIUS BY HUGHES METHOD
f = 0.470074 =05

SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

. 199000E+82 D.15243FE+081 2. 100000E+01 0. 14622846E+01
. 241 370E+00 0. 14%436E4+01 0. 941564E+00 0. 149009E+01
. B&34LBRE+OR @.133452E+01 Q.866210E+00 9. 132465FE+01
. 745914E+00 @.131845E40¢ Q. T777443E4+00 Q. 129433E401
.723414E408 Q.1456359E4014 Q. 742052E+00 9.141921E+01
. 687153E+00 @ . 167132E+012 @.7135663E+00 @.159933E+01
. 66F184E4+00 @.179284E+04 ?.700231E+00 0.170391E+01
. bLBL17E+0D 9. 185282E+01 Q. 693985E+00 @.175519€E+01
. 652543E+00 9. 190945E+01 9. 488218E¢00 9. 180339E+01
. 648795E+00 Q.193579E+041 Q. 485540E+00 9.182572E+01
. b45240E+00 @.1946843E401 3. 4830879E+00 Q. 1844656E+01
. b43552E+00 9. 197202E+01 9. 681911E+00 9.185633E+01
. 442570E+00 8. 197872E+01 @.46812346E4+00 9.186198E+01
. b4DLBRE}RR 2. 199451E+01 @.4679944E4+00 @.187274E+01
. &39773E+00 0.199759E+04 @.679328E+00 @.187784E+01
. &439477E+00 0. 199956E+04 Q.4679127E+0Q @.187950E+01
.439330E+00 0. 200054E4041 @. 679028E+0Q Q. 188032E401
. 639243E4+00 9. 200113E+04 Q.67894FE+00 9. 188@81E+01
. 639124E400 9. 200190E+01 Q. 678890E+20 Q.1881446E+01
. 6390468E+00 0. 200229E+081 9.678851E+09 0.188179E+01
. 638981E+00 ©. 200287E+01 9.4678792E+00 @.188227E+01
. 463B952E+00 2. 200304E+01 Q. 4678773E+00 @.188243E+01
. &438937E+00 0. 2003146E+01 Q.67874643E+0Q Q.188251E+01
. 638529E+00 2. 200321E+01 @.678757E+00 @.188256E401
. 638917E+00 8. 200329E+01 @.478749E4+Q0 @.188263E+01
. 638911E+00 Q.200333E+04 Q.478745E+00 9. 188264E+01
. 638903E+00 0. 200339E+041 2.467873YE+00 @.188271E+01
. 63B8900E+2Q 2. 200341E+04 Q.678737E+00 @.188272E+01
. 438B9BE+00 0. 200342E+04 @.678734E+00Q 0.188273E401
. 43889B8E+00 @. 200342E+01 @.478736E+00Q 9.188274E+01
. 43BB94E100 9. 20034 3E+01 @.4678735E+00 @.188274E+01
. 63BB94E+0D 0. 200343E 4081 Q.678735E+400 2.188275E+01

NOTE CONSTANT VALUES ARE:
6=14
£=0.1

a=-0.1
Y = 1.39296
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TABLE 6-7. (CONT.)
B=0.6 B=07

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

2. 202000E+202 0. 100000E+01 Q.161927E+01 0. 100000E+0O1 0.161803E401
2.500000E-01 @.942545E+400 Q.147730E+01 Q.943444E+00 D.146667E+401
Q. 100900E+00 2.8741446E+00 Q. 130292E+01 9.881358E+00 @.128293E+01
9. 200000E+00 Q. 809720E+00Q 0.122813E+01 0.3834832E+20 9.117848E+01
0. 300009E+Q0 @.791052E+00 Q.130303E+01 Q.826267E+0D Q.122167E+01
@.500000E+00 Q.777404E+00Q Q.141829E401 2.823461E+00Q 2.129882E+01
9.750000E+00 Q.774922E+00 Q. 148424E+01 @.82324FE+0D Q. 134314E+01
0.100000E+01 @.773081E+0Q Q.1514610E+01 @.823441E+00 9.136433E+01
0. 150000E+01 Q.771545E+00 Q.154564E401 @.823778E+20 @.138381E+01
Q. 200000E+21 Q. 770902E+20 @.155918E+01 Q.824008E+00 Q. 1372465E+01
0. 300000E+21 @.770345E+00 9.157170E+01 Q. 824277E+09 0. 140077E+01
0. 400000E+01 9.7723107E+00 d.157753E+01 0.824427E+00Q Q. 14Q453E+21
Q.500000E+0Q1 Q.7469974E+00 9.158088E+01 Q.824521E+00 Q. 14@669E+01
2.102000E+02 Q.7569735E+00 @.158724E401 0.824721E+400 Q. 141076E+01
Q. 200000E+02 Q. 746942FE+00 9. 159Q2SE+01 Q.824824E+00 Q. 141267E+01
Q. 30000QE+02 Q. 7659595E+00 9.159122E+01 0.8248462E+00 2.141329E401
9. 400000E+02 Q.76957YE+2Q 2.159170E+01 @.824880E+00 @.141359E+01
9. 500000E+02 0.76957@E+00Q Q.159199E+01 ?.824871E+00 Q.141377E401
9. 750000E+02 Q.769557E+00 9.159237E+01 Q.324706E400Q Q. 141402E+01
9. 10000QE+@3 Q.749551E+00 @.159256E+01 Q.824913E+00 Q.141414E401
9. 202000E+03 Q.769541E+400 Q. 1i59284E+01 0.824924E+00 Q.i41431E+0Q1
Q. 300000E+03 @.769538E4+00 Q. 159294E+0@1 0.324728E+4+20 Q.141437E401
2. 400000E+A3 @.7869S37E+00 ?.159298E+01 Q.824927E+00 Q.141440E401
0.500000E+03 Q. 7695356E400 Q. 159301iE+01 @.324931E+Q0 @.141442E+01
Q. 750000E+03 Q. 769535E+00 @.159305E+01 Q.824932E+00 @.141445E401
9. 102000E4+04 Q. 7569534E+4+00 Q.159307E+01 d.828493xE+00 Q. 141446E+01
2. 2A0000E+04 Q. 769533E+00 Q.159310E+01 Q.824934E+00Q @.141448E401
9. 300000E+04 @.76953%E4+00 @.159311E+01 Q.824934E+00Q Q. 141448E+01
Q. 400000E+04 @.749533E+0Q Q.159311E+01 2.824934E+00Q Q.141448E+01
9.500000E4+04 @.769532E+00 9.159311E+401 0.824935E+00Q Q.141449E401
@.750000E+04 @.7569532E+00 9.159312E+01 @.824935E+Q@0Q Q. 141449E4+01
2. 100000E+05 @.7469532E+00 0.159312E+01 @. 82493SE+0Q @.141449E401
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TABLE 6-7. (CONT.)
=08 f =0916275
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES —BY HUGHES BY HUGHES
2. 000000E+00 Q2. 100020E+01 @.161916E401 0. 1000R0E+01 @.162343E+01
9. SO000QE-01 0. 944302E400 @.145803E+01 Q.945274E+00 @.145030E+01
9. 100000E+00 Q.887931E+00 Q.124593E4+01 Q. 8948467E+00 0. 124918E+01
?.200000E+00Q Q.854907E+00 @.114030E+01 @.873683E+00 ©.110598E+01
2. 300000E+00 9.852745E+00 @.116276E401 0.8756302E+00 9.111287E401
0.500000E+00 Q.854992E+00 9. 121684E+01 0.88i874E+00 @.115122E+d1
8. 750000E+00 2.857859€+00 9.124858E+01 0.885331E+00 @.117473E+01
@.100000E+01 ?.858250E+00 9.1246370E+01 Q.887123E+00 Q.118593E+01
@.1509000E+01 Q.859515E+4+00 ®.127751iE+01 0.888921E+00 9.119612E+01
9. 200000€E+01 0. 8681469E+00 9.128374E+01 Q.889814E+0Q0 0. 1200467E+4+01
9. 300000E+01 @.860833E+00 2.128943E+01 @.890697E+02 2. 120484E+01
0. 400000E+01 0.861168E+00 @.129205E+01 Q.891135E+00 @.120675E+01
2.500000E+01 Q.861371E+00 @.129355E401 9.891394E+00 9.120783E+01
2. 120000E+@2 Q.86177T7E+QQ 9.129637E+01 9.891915E+00 ?.120987E+01
9. 200000E+02 0.861981E4+00 0.129748E+01 9.892173E+00 2.121081E+01
9. 300009E+02 Q.862050E+00 9.129811E+01 Q. 892256E4+00 9.121112E+01
3. ¢Q0000E+02 Q. 842Q8¢E+00 9.129832E+01 9.892301E+00Q 2.121127€+01
@.S00900E+e2 9.8462104E+00 0.129844E+01 Q. 892324E+00 ©.1211356E+01
@.750000E+02 9.8462131E4+00 0.129861E+01 Q.8923461E+00 0.121148E+01
2. 100000E+03 Q. 862145E+00 @.1298467E+01 Q.892378E+00 Q.121154E+01
9. 200000E+03 Q.8621646E+00 2.129881E+01 Q.892403E+00 @.121142E+01
9. 300000E+83 9.862172E+00 8. 129866E+01 0.892412E400 9.1211465E+01
9. 400000E+0Q3 0.862174E+0Q @.129888€E401 0.892416E+00 0.1211467E+012
9.SO0Q00E+03 2.8462178E+00 ®.129889E+01 9.892419E+00 0.1211468E+401
h 9.750000E+03 0.8462181E4+00 8. 129890E+01 9.892422E+00 9.121169E+01
: 2. 100000E+04 @.862182E+00 @.129891E+01 0. 892424E+00 0.121169E+01
s Q. 200000E+04 0.862184E+00 Q.129892E+01 @.892424E+00 2.121170E+01
b 2. 300009E+04 9.862185E+00 0. 129893E+01 @.892427E+00 0.121171E+01
b 3. 400000E41+04 0.8462185E+00 0.129893E+01 Q.892427E+00 Q.121171E401
9.500000E+04 Q.862185E+00 9. 129893E+01 0. 892426E+00 9. 121171E+01
2.750000E+04 Q.8462184E+00 9.129893€E+01 Q.892428E+00 0.121171E+01
9. 100000E+05 @.8462184E+00 @.129893E+01 Q.892426E400 Q.121171E4+02
6-38




TABLE 6-8.

DELTAT/PERIOD

NSWC TR 86-324

B =0.50

SPECTRAL NORM AND RADIUS FOR HUGHES METHOD FOR a=0.0, y=05,0 =1.0,¢ =0.10

e - -
- -

. ODROORE+00
.500000E-01
. 100000E+00
. C00000E+00
. 300000E+00
.S00000E+00
. 750000E+00
. 100000E+0L
-15000QE+01
. 200G00E+A1
. 300000E+0L
. 400000E+01
.S00000E+01
. 100000E+02
. 200000E+0@2
. 300000E+02
. 400000E+02
.500000E+02
. 750000E+02
.100000E+03
. 200000E+03
. 300002E+23
. 400000E+03
.500000E+03
. 750000E+03
. 100000E+04
. 200000E+04
. 300000E+04
. 400000E+04
. SO000RE+04
. 750000E+04
. 100000E+05

B = 0.25

SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS
BY_ HUGHES BY HUGHES BY HUGHES

. 100000E+01 0.148889E+01 9. 100000E+01
. 969796E+00 0. 140874E+01 9. 970497E+00
. 944358E+00 ©.152844E+01 ®.948833E+00
. 913620E+00 9.192339E401 0.932081E+00
. 9O4LTAE+D0D @.276424E4+01 0. 934267E+00
. 913152E4+00 0. 4074467E+01 9.948395E+00
. 9304 B3E+00 0. 450431E+014 9.961795E+00
. 943773E+00 0.531061E+01 9.970149E+00
. 9601 80E+00 0.567188E+01 9. 979458E+00
. 969423E+00 0.582450E+401 0.984405E+00
. 979231E+00 @.595244E401 0. 9895Q4E+00
. 984 3068E+00 9. 400589E+01 0. 992099E+00
. 987398E+00 @. 603431E+01 9.993667E400
. 993660E+00 @. 60825 3E+01 0. 996824E+00
. 994823E400 9. 610217E+01 2. 998410E+00
. 997880E+00 2. 610804E+01 0.998940E+00
. 9984 10E+00 0.611085E401 9. 999205E+00
. 998728E+00 0. 411349E401 9. 999344E+00
. 999152E+00 0. 611443E401 ®. 9995 74E+00
. 999344E+00 9. 61154BE+01 9. 999682E+00
. 999682E+00 0.611723E+01 0.999841E+00
. 999788E+00 9. 4611774E401 9. 999894E+00
. 999841E+00 0. 611799E+01 0. 999920E+00
. 999873E+00 0. 611815E+01 @. 999936E+00
. 999915E+0@ 0.4611835E+01 2. 99995 0E+00
. 999936E+00 9. 611845E+01 0 999948E+00
. 999948E+00 0. 6118460E+01 0. 999984E+00
. 999979E+00 9. 611865E+01 @.999989E+00
. 999984E+00 0. 611867E+01 0.999992E+09
. 999987E+00 9.611869E+01 @ 999994E+00
. 999992E+00 ®. 611871E+01 0. 999994E+00
. 999994E+00 ®.611872€401 0.999997E+80

SPECTRAL NORM

BY _HUGHES

.164104E+4+01
.152808E+01
.138370E L+
.149110E+0141
. 184857E+01
.236323E+01
.261973E+01
.273142E+01
. 282326E+01
.285974E401
.288901iE+01
. 290075E+01
. 2F0484E+01L
.2914678E+01
.292063E+01
.292174E+01
.292227E+01
.292857E+01
.2922946E+01
.292316E+01
.292344E¢01
.292353E+04
.292358E+01
.292360E+01
.292364E+01
.292366E+01
. 292368E+01
.292369E+01
.292370E+01
.292370E+01
.292370E+01

292371E+01
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TABLE 6-8. (CONT.)
B = 2.00

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

9. 000000E+00Q 9. 100000E+01 B.2064656E+01
0.500000E-01 9. 974098E4+00 @.173039E+014
0. 10000CE+00Q @.965485E+00 @.130197E+014
2. 200000E+00 9.970223E+00 @.117742E+01
2. 300000E+00 9.977011E+00 Q. 119819E+01
9.500000E+00 Q. 984945E+A0Q @.123481E401
2. 750000E+00 Q.989677E4+00 Q. 1254626E+01
2. 100000E+01 9.992172E4+00 B. 126648E+01
Q. 150000E+01 Q.994738E+00 Q.127579E+01
Q. 200000E+01 D.9946042E+00 @.127999E+01
Q. 300000E+01 @.997355E+00 @. 128382PE+01
2. 400000E+01 Q.998014E+00 0.128558E+01
@.500900E+01 Q. 998411E4+20 Q.128659E+01
Q. 1i00002E+02 3. 99920SE+00 Q. 1288B49E+01
Q. 200C00E+D2 2. 999602E+00 9.128938E+01
Q. 300000E+02 Q. 999735E+00 9. 128967E+01
Q. 400000E+02 Q. 999801E+29 2.128981E+01
?.500000E+02 Q. 999841E+00 9.128989E+01
Q. 7S0000E+02 Q. 999894E+00 2. 129001E+01
9. 100000E+03 @.99992QE+00 Q. 129006E+01
Q. 200000E+03 Q. 799960E+0Q Q. 129015E+01
Q. 300000E+03 @.999973E+00 Q.129017E+01
Q. 400000E+03 9. 999980Q0E+20Q Q. 129019E+01
2.502000E+03 Q. 999984E+00 Q. 129020E4+01
3. 750000E+03 @.999989E+29 2. 129021E+01
Q. 100000E+0Q4 Q. 999992E+00 0.129021E+01
0. 200000E+04 Q.999996E+00 Q.129022E+01
@ . 300000E+04 Q. 999997E4+00 9. 129Q022E+01
2. 400000E+04 Q. 999998E+00 Q. 129022E+01
2. 500000E+04 Q. 999998E+00 Q.129023E+01
Q. 750000E+04 Q. 999999E+00 2. 129023E+01
Q. 100000E+0S Q.999999E+Q0 Q. 129023E+01
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TABLE 68. (CONT.)

f=1.00 =150 :

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM :

BY HUGHES BY HUGHES BY HUGHES Y HUGHES ¢

¥
0. 200000E+00 0. 10000QE+21 0.142831E+01 @.1030QRE+DL B.4176997€E401
0.500000E-01 0.971i804E+00 0. 145024E+Q1 .97 3000E+O0 D.151736E401
9. 100000E+00 ©.955923E+00 0.121049E+01 ®.951284E4+00 0.136487E401
Q. 200000E+0D 0. 952408E+Q0 D.107485E+401 ©.946433467E+00 0.1@7874E+01
0. 300000E+00 0.959423E+00 0.121426E401 0. 9704L50E+00 2.111825E+01
0. 500300E+00 0.971503E+00 ®.137539E+01 Q. 9B0314E+00 @.118584E+@1
0. 750000E+20 0. 979896E+0Q 0.145170E+01 @.98635BE+00 @.122388E+01
0. {00Q00E+01 @. 984594E+00 @.148331iE+01 0. 9894620E+00 0. 124099E+01
9. 150000E+01 0. 989542E+00 9. 150840E+01 Q. 993004E+20 9.125574E+01
. 200000E+Q1 ?.992123E+00 0.15184FE+01 9. 594731E4+00 0. 1246202E+01
0. 300000E+01 0. 994724E400 @.152637E+01 Q. 9944 76E+00 0.126749E+01
. 400000E+01 0. 996035E+00 @.152952E+01 @.997354E+00 Q. 126990E+01
0.S0000BE+01 Q. 796825E+00 @.153116E+01 Q. 997882E+00 ©.127123E+01
?. 100000E+02 0. 998410E+00 ®.153385E+01 @. 998740E+00 @.127347E+01
. 200000E+22 D. 9992Q5E+00 0.153490E+21 @.999470E4+00 Q. 127474E+01
2. 300000E+02 0.997470E+0Q ®.153520E+@1 @. 99964 4E+00 @.127514E+01
0. 400000E+02 0.999402E4+00 @.153534E+01 @.999735E+00 @.127528E+01
0.500000E+02 0.999482E+00 ®.153543E+01 @.999788E+00 ®.127538E+01
Q. 750200E+02 9.999788E+00 ©.153554E+01 8. 999859E+00 @.127551E+01
Q. 100000E+03 0. 99984 1E+00 ©.153559E+Q1 0. 999894E+00 @.12755B8E+01
Q. 2000RQE+D3 Q. 999920E+00 @.153567E+01 0. 99994 7E+00 @.127547E+01
9. 300000E4+03 . 99994 7E+20 . 153569E+01 0. 799945E+00 @.127571E401
Q. 400000E+03 @. 999940E+00 @.153571€+01 @. 999973E+00 9.127572E+01
2.500000E+03 Q. 999968E+00 ?.153571E+@1 @. 99979E+00 @.127573E+014
Q. 752000E+Q3 Q. I99979E+00 @.153572E+01 @.5999B6E+D0D ©.127575E+21
0.100000E+04 0.999984E+00 0.153573E+01 Q. 999989E+00 @.127575E+01
2. 200000E+04 0.999992E+00 @.153574E+Q1 0. 999995E+00 @.1275746E+01
9. 300200E+04 0. 999995E+Q0 @.153574E40Q1 Q. 999994E+00 @.127577E+01
0. A00000E+04 0.999994E+00 @.153574E+01 . 999997E400 @.127577E+01

?.50000C0E+04 D.999997E+20 @.153574E+21 0. 999998E+00 @.127577E+01 :
Q. 750000E+04 0. 999998E+00 @.153574E+01 0. 999999E+00 @.127577E+21
0. 100000E+05 0. 999998E+00 @.153574E+01 0. 999999E+00 @.127577E+01
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TABLE 6-9. SPECTRAL NORM AND RADIUS FOR HUGHES METHOD FOR a =0.0,y =1.0,6 =10, ¢ =0.10
B =0.50 =10

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS ‘SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

9. 00000JE+OD ?.100000E+31 2.1561803E+01 ¢. 100000E+01L @.1467459E4+01
9.500000E-01 B.948227E+00 2. 147Q24E+01 Q.9504B4E+Q0 0.145749E+01
?.100000E+0Q Q. 869383E+@0 @.129188E+01 Q.887427E+00 @.117277E401
3. 200000E+00 9. H99985E4+00 @.152490E+01 Q.795142E+00 ®.111550E+01
2. 30000QE+QD Q.563122E+00 Q.20374632E+401 Q. 750454E+0@ Q. 130247E+01
?.500000E+00 . 390342E4+00 . 268792E+01 @.718445E4+ Q02 Q. 152044E+013
@.750020E+00Q Q. 4582945E4+00 Q. 304375E+01 Q. 70794BE+00 Q. 142571E+01
3. 100200401 Q. £B27ALZE+OQ @.320951E+01 0. 704929E+00 @.167133€E+01
9. 1S5009QE+01 D.831i437E400 Q. 3354659E+01 D.702487E4+00 8.170988E+01
2. 200200E+01 ;89034E4+00 9. 342047E+4+01 D.702785E+06 @.172599E+01
a. 3000D0E+01 B.93435F7E+0Q Q. 347454E+4+01 2. 704 38B2E+00 @.173975E+01
0. 400000E+Q1 D.F56195E+00 @, 350135E+01 2.704871E4+00 @.17457QE+01
2.500200E+01 Q. 74646B49E+00 Q. 351514E+01 @.705226E+00 @. 174896E+01
0. 100200E+0R2 @. 985 334E+00 Q. 354013E+01 0. 704074E+0Q0 @.175478E+01
9. 20000QE+D2 3. 993149E+00 @, 355130E401 Q. 7Q4LEL7EHOQ @.175732E+01
2. 30000QE+0Z D.995540E+00 Q. 355482E+021 Q. 704LT74CE+0Q 0.175812E+04
2. 4000QBE+D2 D.9966F6E+00D @. 355454E+01 @.704831E4+08 @.175851E+01
2.S0Q000E+02 D.997374E+00 @. 355 756E+01 9. 704885E+00 9.175874E4+01
?. 750000E+02 3. 99824683E+00 @.355891E+01 Q. 7049SCE+00 @. 175904E+01
Q. 100000E+02 Q. 998737E+02D 9. 3559568E+01 Q. 704995E+00 Q. 175919E+01
Q. 200000E+03 Q. 9597359E+09 Q. 3546057E4+01 Q. 70705 1E+00 @.1759441E4+01
2. 300200E+03 ¢.999573E+00 Q. 354090E4+01 Q. 707Q65E+00 @.1755%48E+01
0. 400000E+23 Q. 99F45BOE+DD Q. 3541046E401 Q.707079E+2Q Q.175952E+014
3. 5S0000CE+03 @ .999745E4 20 @.3561146E+401 . 707084E+00 @. 175954E+01%
@ . 750AAQE4+A3 2. 99933AE+22 Q. 354129401 0. 707092E+00 @.175957E+01
0. 100000E+04 @.999872E+00 ®. 3546136E+01 ?D.707094E4+00 @ 175958E+01
Q. 20000QE+04 Q. I99936E+RQ 0. 356145E+01 D.707101E+00 Q@ 175941E+01
@. 300000E+24 8. 99995 8E+00 0. 354149E+01 D.707103E+00 ®.175961E+01
3. 400000E+04 D.997F468E+00 Q. 35461SOE+01 Q.707104E+00 @.175962E4+01
3. SO000PQE+Q4 0. 999975E+00 Q. 3546151E+01 9.707105E400 Q. 1759462E+01
2. 750000E+0Q4 Q.9977983E+020 Q. 3546153E+01 @.707105E+00 Q.175962E+01
0. 100000E+05 D.599987E+00 Q. 3546153E+01 Q.707104E+00 Q.175942E+01
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TABLE 6-9. (CONT.)
B =1.50 =20

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES B HUGHES B _HUGHES BY HUGHES

. 20000RE+00 0. 100000E+0L @.184774E+04 0. 10DOBDEYD) 0. 212909E+0)
0.500000E-01 @. 952553E+00 0.154914E+04 Q. 954455E+00 0.172812E+401
0.100000E+00 0.9501078E+00 B.1146726E+01 @.9117469E+00 0.123909E+01
@.208000E+00 @.B44Q75E+00 @. 101640E+01 2.874041E+00 @.104702E4+01
2. 300000E+00 ?.823950E+00 @.111562E401 ©.863794E+00 0.110793E+01
2.500000E+20 ?.813302E4+00 @.123372E+01 @. 860Q27E+0D 0.118567E401
@. 750000E+00 ©.211354E+00 0. 128989E+01 @.B40317E+00 0.122367E4+01
2. 100000E+01 Q. 2811454E400 9.131410E+012 0.846108BE+00 ®.124035E+01
0.150000E+01 @.B812332E+00 @.133457E+01 @.84L2294E+00 @.125472E+01
2. 200000E+01 9. 813070E+00 @.134317E4+01 @.863064E+00 B.1246089E+01
0. 300000E+0L 0.B814010E+00 ©.135058E+01 @. B63943E+00 Q.126632E+01
Q. 100000E+01 @.814554E+00 @.135382E+01 0.864423E+00 0.1268B73E+0@1
0.500000E+01 @.814908E+00 0. 1355460E+01 Q. B64724E+00 0.127009E+01
0. 100000E+02 Q. B15444LE+00 @. 135882E1+01 @.845355E+00 @.127257E+01
?.200000E+22 @.8146872E+00 ©.136025E+01 0.8454B4E+00 0.127370E+01
Q. 300000E+02 0.816212E+00 Q.135070E+01 0. 865798E+00 0.127406E4+01
0. 420000E+02 0.8146282E+00 @.134092E+01 @. B45854E+00 0.127424E4+01
©.50000eE+0Z @.814325E+00 @.136105E+01 @.845888E+00 @.127434E+01
2.750000E+02 ®.8143B2E+00 @.1356122E+01 Q. 865934E+00 @.12744BE+01
0.100000E+03 ©.816418E+00 ®.136131E4+01 0.B845957E+00 @.127455E+01
2. 200000E+03 Q.816453E+00 @.136144E40i Q. BL59F1E+00Q Q. 1274465E401
0. 300000E+03 0.8146446BE+00 0.13614BE+01 0. 8446002E+00 0.1274469E401
@. 400000E+03 D.B14475E+00 2.1346150E+014 0. BLLOOBE+RO @.127470E+01
0.500000E+03 @.816479E+00 @.136151E+01 0. 8646012E+00 @.127471E+01
®.750000E+03 B.816485E+00 @.1346153E+014 Q. 8LL014E+0Q Q.127473E+01
0. 100000E+@4 0.814488E+00 @.136154E+01 0. B8464017E+0Q @.127473E+01
0. C2000QE+O4 0.816492E+00 @.136155E401 0.846022E+00 2.127474E4+01
Q. 300000E+04 0.B816494E+00 @.1346155E+01 Q.864023E+00 @.127475E+01
0. 400000E+04 0.814474E4+00 0.136156E+01 Q. 8LL024E4+00 0.12747SE+01
0.500000E+04 9. .8146495E+00 0. 1346156E+01 Q. B864024E+00 @.127475E401
0.75000RE+04 @.B8146495E+00 @. 136156E+01 0. BLLO24E+QD 0.127475E4+01
0. 100000E+05 0. B146496E+00 0. 136156E401 @. B46D25E+00 @.127475E+Q4
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TABLE 6-10. SPECTRAL NORM AND RADIUS FOR HUGHES METHOD FOR ¢ = 0.0, vy =1.01111, 4 = 1.1, £=0.10
B =0.3981156 =04
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM

BY HUGHES —BY HUGHES BY HUGHES BY HUGHES
9. 200000E+20 Q. 100000E+01 0.162594E+01 9. 130000E+21 0. 162580E+01
?.500000E-01 @.947943E+00 Q.149819E+01 Q. 747954E+00 2.149781E+01
9. 100000E+00 9.869438E+00 ©0.134594E401 0. 869541E4+00 0. 13451 3E+@1
2. 200000E+0Q @.712344E4+0Q Q.154846E+01 @.713@70E+00 ®.154553E4+01
9. 300000E+00 Q.412235E400 ?.201709E+01 Q. 613826E+00 0.201120E+01
0.500000E+00 9.531644E+00 Q. 264248E+01 @.53434ZE+00 0. 263200E4+01
9. 750000E+00 Q. 499561 7E4+00 0. 299809E+01 @.5@2905E+00 @. 29845BE+01
. 100000E+01 Q.484723E+00 ©.316777E+01 Q. 49@316E+00 9.315271E+01
?.150000E+01 Q. T41S44E40Q 2. 332134E401 @.7087L7E4+00 2. 330481E404
2. 200000E+01 9.832624E+00 9. 3389336401 0. BQ4674E4+00 @. 337211E+01
2. 300000E+01 ?.903274E+00 Q. 344997E+01 ?.877199E+0@ 0. 343214E+014
?.400000E+01 Q. 932644E+00 Q. 347721E+01 @.907102E+00 ®. 3459Q9E+01
0.500000E+01 Q. 9485 79E+20 0. 349250E4+01 @. 923239E+00 9. 347421E+401
9. 100000E+02 Q.976491iE+00 Q. 352057E+01 9.9516469E+00 @.350198E+01
2. 200000E+02 Q. 988935E+00 @.353330E+01 9. 764020E+00 @. 351458E401
0. 300000E+02 Q.992752E+00 ©.353735E+01 @.767867E+00Q ©.351858E+01
0. 400000E+02 Q.9944611E+00 @.353934E+01 @. ?69739E+00 Q. 352055E+@1
0.500002E+02 Q@.9957141E+00 0. 354052E+01 . 970847E+00 0. 352172E+01
@. 750000E+02 Q.997i59E+00 2. 354207E+01 0. 972305E+00 ®. 352324E4+01
Q. 100000E+03 0.997875E+00 Q. 354285E+01 @. 973024E+00 0. 352402E+01
9. 200000E+03 ®.998939E+00 ©. 354400E+01 Q. 974097E+08 . 3525146E401
0. 300000E+03 9. 999291E+00 @.354438E+01 @.974454E400 Q. 352554E401
2. 40Q000E+03 Q. 999465E+00 Q. 354457E401 2. 9745628E400 @. 352573E+01
2.500000E+03 ?.999572E+00 0. 3544469E+01 @.974734E4+00 @. 352584E+01
@.750000E+03 Q. 999712E+00 . 354484E4+01 @.974875E+00 @. 352599E+01
0. 100000E+04 Q. 999782E+00 ?. 354492E4+01 0. 974945E+00 @. 352607E+01
Q. 200000E+04 Q.999884E+00 @. 354503E401 @.975051E+00 Q. 3524618E+01
Q. 300000E+04 Q. 999921E+00 @. 354507E+01 @.975084E+00 Q. 352622E401
0. 400000E+24 2.999939E+00 Q. 354509E+01 Q. 975104E+00 Q. 352424E401
. SOP000E+04 Q. 999949E+00 @. 354510E+01 ?.975114E+00 @. 352425E+01
Q. 750000E+04 Q. 999946 3E+00 @.354511E401 @.975128E+00 Q. 352626E+401
2. 100000E+0% Q. 999970E+00 @.354512E+01 @.975135E+00 Q. 352427E4081
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TABLE 6-10. (CONT.)
p = 0,5 ﬁ = 0.6
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NGRM
BY HUGHES ____BY HUGHES BY_HUGHES BY_HUGHES
0. 02000RE+00Q Q. 100000E+Q1 0. 1462008E+01 0. 1G0200E+R1 6. 1561804E+01
?.500000E~-01 @.748517E+00 0.147980E4+01 0. 74704BE+0Q 0. 14456FE+01
0.100000E+00 ©.874770E+00 0.130477E+01 ?.8774LQ9E+00Q @. 127125E+01
9. 200000E+00 9.744BO5E+0Q 0.148979E4+01 @.773250E+008 0.130572E+21
0. 302000E+00 @. 4814635E4+00 ®.1744647E401 @.728144E+00 @. i55507E+@1
?.500000E+00 @. 439BL4E+0D 9.217725E401 @.704435E+00 Q. 186737E+@1
2. 750000E+00 D.427472E4+00 0. 24099BE+01 ®.499721E+00 0.203847E4+021
2. 100000E+01 0. 423819E4+00 ©.251770E+01 Q. 699272E+00 0. 210444E+01
9. 150000E+01 0. 421934E4+00 0. 261317E4+01 Q. 7001iR6E+OD 0.21469046E+01
0. 200000E+01 0. 62164FE+00 @.265474E401 Q. 701Q04E400 D.21948B7E4+01
?. 300000E+01 0. 421843E+00 0. 269139E+01 0.702189E+0Q0 @.222119E+01
3. 400000E+01 0. 422134E+00 0.27@770E+4+01 0. 7028F4E+00 ®.223193E+01
?.500000E+01 0. 622353E+00 @.2716B0E+01 @.703352E4+00 d.2E379QE+Di
. 10000RE+02 @. 622919E+00 0.273340E+01 Q.704348E4+00 ©.224873E+01
2. 200080E+02 Q. 423246E+00 ©.274088E+01 0. 70488LE4+0Q0 0. 225 358E+@1
. 300000E+02 0. 62339iE+00 @.274324E401 @.705071E+00 @ z25511E+01
3. 400000E+02 Q. 423455E400 0. 274440E+01 0. 7051 45E+00 ©. 2255846E+@1
2.500080E+02 0. 623494E400 0.274509E+01 @.70522iE+0@ Q. 225630E+01
. 750000E+02 ©. 423547E400 Q. 274400E4+01 @.705297E4+00 Q. 2256B9E+01
. 120000E+03 ©. 423574E+00 ?.274445E401 @. 705 335E+00 ©. 225718E+01
9. 200000E+03 @. 423615E+00 0.274712E4+01 @.705393E+00 Q. 225741E+01
9. 320000E+03 @. 42342BE+00 ©.274734E+01 Q.705412ZE4+00 ®. Z225775E+d1
Q. 400000E+03 Q. 623635E+00 0.274745E401 ?.705421E40 @.225783E+01
9.500000E+03 @.623639E400 @.274752E+401 Q. 705427E400 @.225787E+21
2. 750000E+03 Q. 423645E4+00 . 274761E4+01 Q. 705435E+00 ©.225793E+01
2. 100000E+04 ©. 6234L47E400 @.274745E4+01 @. 7054 39E+00 ©.225795E4+01
0. 200000E+04 @. 623451E+00 0.274772E4+01 0. 7@5444E+03 Q. 225800E+01
0. 300000E+04 0. 4623653E400 ©.274774E401 0. 70544 5E400 0. 225801E+421
2. 400000E+04 0. 423654E4+00 ©.274775E+01 ©. 705447E4+00 . 225802E+01
0.500000E+04 @. 6234654E+00 ®.274774E+0@1 @. 705448E4+00 0. 225802E+01
. 750000E+04 Q. 423654E400 @.274777E+014 ®. 705445E+00 @. 225803E+01
. 100000E+0S Q. 623655E+00 0.274777E401 ©.7054459E400 0. 225803E+01
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TABLE 6-10. (CONT.)

f = 0.620658

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
B HUGHES BY HUGHES

2. 000000E+20 G. 100000E+01 @.161808E+01
2.500000E-01 2. 9491B1E+00 @.1446324E+01
2. 100000E+00Q 0.880543E100 ©.126506E+01
?. 200000E+00 @.778023E+00 ©.128740E+01
9. 300000E+00 @.7346Q346E4+00 0.152245E+01
0.S500000E+0Q @.714874E+00 0.181612E+01
@.750000E+20 @.711158E4+00 Q. 1946843E+01
0.100000E+021 9.711124E+00 Q.203754E+01
9. 150000E+01 @.712273E+00 0. 289744E+01
2. 200000E+01 @.713280E+00 @.212344E+01
2. 300000E+01 @.71456B8BE+00 @.214597E+0@1
Q. 400000E+041 Q. 715314E+00 @.215594iE+04
0.500000E+01 @.715797E+00 @.216143E+01
0. 100000E+02 @.7145834E+00 @.217144E+01
0. 200000E+02 ©.717389E+00 @.217591E+01
9. 300000E+02 @.717579E400 @.217732E+81
9. 400000E+022 @.7174675E+00 9.217801E+01
0.500000E+02 @.717733E+00 Q.217842E+01
@.750000E+02 Q.717811E+00 0.217894E+01
Q. 100000E+03 9. 717850E+00 0.217%923E+01
0. 200000E+03 2.717909E+00 0.217963E+01
9. 300000E+03 @.717928E+00 @.2179746E4+04
9. 400000E+03 9.717538BE+00 9.217983E+01
0.500000E+03 0.717944E4+00 0.217987E+01
0. 750000E+03 ®.717952E4+00 0. 217992E+401
9. 100000E+04 @.717954E+00 0.217995E+01
9. 200000E+04 0.7179462E+00 8.217998E+01
0. 300000E+04 @.717944E+00 0. 218000E+01
?. 400000E+D4 Q.717945E+00 2. 218000E+01
@.500000E+04 Q. 717945E+00 ?.218001E+Q1
@.750000E+24 @. 717944E+00 0.218004iE+01
Q. 100000E+0S @.717947E4+00 2. 218002E+01
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f=0.6

« N e

SFECTRAL NORM

B HUGHES

9969860050685 8868686500S89968868686

.162035E+01
.145577E+01
. 1254690E+01
.134@73E+401
.1463154E+014
. 19881 7E+01
.217700E+01
.226427E+01
.234212E401
.237&639E+401
. 240699E+01
. 242079E+01
. 242BSLE+QL
. 244291E+401
.244948E4+01
.245157E+01
.2452460E+01
. 245322E+01
. 245403E+01
.245443E+01
. 245503E+01
.245523E401
.245533E+01
. 245538BE+01
. 2455446E+01
.245550E+01
. 245556E+01
. 245558E+01
. 245559E+4+01
. 245560E+01
. 245561E+@1
.C455461E+Q1

TABLE 6-11. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a=0.0, v=1.2,0 =1.1, £=0.10
f = 0.466306
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS
BY HUGHES BY HUGHES B HUGHES
0. 20QQPRE+22 2. 100000E+01 0.161842E401 ¢. 100000E+01
0.500000E-21 0. 940164E+00 ®.147099E+01 Q. 94099SE+00
0. 100000E+20 0.843574E+09 0. 130168E+01 @.85129BE+00
0. 200000E+00 0. 646334E+00 0. 149844E401 @. 59515 1E+00
0. 300000E+00 @.532245E+00 0.192662E+01 0. 621574E+00
0.500000E+00 ?.457901E+00 0.247320E+01 ®. 580ZBLE+RQ
0. 750Q0QE+00 0. 430238E+00 0.277792E+01 ®.5468441E4+00
0. 100000E+01 0.5846449E+00 ®.292318E+01 0. 5644692E+00
8.150000E+01 0. 782940E400 0. 305562E+01 @.562301E+00
0. 200000E+01 @.853214E+00 0.3114946E+01 ®.561605E+00
0. 300000E+01 0.912107E+00 0.316859E+01 0.561240E+00
0.400000E+01 0.937722E+00 0.319303E+01 ®.561183E400
9.500000E+01 0.951912E+00 0. 320487E+01 Q.561188E+00
0. 100000E+02 0.977481E+00 0.323261E+01 ©.561290E+00
8. 200000E+02 0. 989270E+00 0.324448E+01 0.561387E+00
0. 300000E+02 0. 992941E+00 . 324828E+01 0.561426E+00
0. 40Q000E+02 0. 994741E+20 0. 3250146E+01 @.561444E+00
2. 500000E+02 0. 995809E+00 0.325127E+01 0.561459E+00
0.750000E+02 2. 997220E+0 @.325274E+01 Q.561477E+00
0.100000E+03 ®.99792QE+00 @. 325 348E+01 0.5614B4E+00
0. 200000E+03 9. 998963E+00 @. 32545 7E+01 0. 561500E+00
0. 300000E+03 0. 999308E+00 0. 325493E+01 2.561504E+00
9. 400000E+03 9.999481E+00 @.325511E+01 2.541507E+00
0.50000RE+03 ?. 9995 84E+20 0. 325522E+01 0.561508E+00
9. 750020E+03 0.999722€+400 0.325537E+01 0. 541510E+00
0. 100000E+04 0.999791E+00 0. 325544E401 @.561511E+00
0. 200000E+04 2. 999894E+00 @. 325555E4@1 ®.561512E+00
2. 300000E+04 Q. 999928E+00 @.325558E+01 @ 561513E+00
0. 400000E+04 0. 999945E+00 ®.325560E+01 ®.561513E+00
8. 500000E+24 0. 999955E+00 @.325541E+01 @.561513E+00
0. 7S0Q00E+04 0. 999969E+00 @.325563E+21 @.561513E+20
2. 100000E+05 0. 999974E+00 0.325563E+01 0.561513E+00
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DELTAT/PERIOD
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. QOO00RE+0Q
.500000E-01
. 100000E+02
. 200000E+00
. 300000E+00
.500000E+00
. 750000E+00
. 10000@E+21
.150000E+01
. 200000E+21
. 300000E+01
. 400000E+01
.500000E+04
. 100000E+02
. 200000E+02
. 300002E+02
. 400000E+02
.500008E+02
. 750000E+02
. 100000E+03
. 20000QE+03
. 300000E+03
. 400002E+03
.500000E+03
. 750000E+03
. 100000E+04
. 200000E+04
. 300000E+04
. 400200E+04
.500000E+04
. 750000E+04
. 100000E+05
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TABLE 6-11. (CONT.)
f=0.7
SPECTRAL RADIUS SPECTRAL NORM
B HUGHES BY HUGHES
.100000E+01 @. 162633E+01
. G41600E+00 0.1448B75E+014
.BSALASE+ QO @.123070E+01
. 723244E400 Q.185377E4+014
.66THB4E4+00 D.1474699E4+01
. 639040E+00 @.174705E+01
. &32287E+00 Q. 188440E+01
.630703E+00 Q. 154978E+01
. 630245E+D0 Q. 200546E+01
.63D421E4+Q0 Q.203003E+01
. 430840E+00 @.205144E+01
.&31177E+00 Q. 206132E+01
.631399E+00 Q. 206576E+01
.b631911E+00 Q.2074675E4+01
. 632202E+00 2. 208130E+01
.632304E+00 9. 208275E+01
. &32356E+00 Q. 2083456E+01
. 6323BBE+00 0. 208388E+01
. 4324 30E+00 Q. 2OBA44E+D1
.632451E4+00 3. 208472E+01
.63248B4E+00 2.208513E+01
. &324F4E+00 @. 208527E+01
. 632500E+00Q Q. 208533E+01
. 632503E+00 Q. 208537E+01
. 632507E+00 Q. 208543E+01
.63251Q0E+00 0. 208544E+01
.632513E+00 Q. 208550E+01
. 632514E4+00 Q. 208551E+01
.632514E4+00 9. 208552E+01
.632515E+00 Q. 208552E+01
.632515E+00 2. 208553E+01
. 632515E+00 Q. 208553E+01
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p=0.8
SPECTRAL RADIUS SFECTRAL NORM
BY HUGHES BY HUGHES

0. 100000E+01 @.14£3597E+@1
Q. F42194E+00 @.144521E+01
@.B461554E400Q @.1209463E+01
D.7446435E400 @. 118655E+01
@.703342E+00 Q.136172E+04
Q. 6482970E+00 Q. 157286E+01
Q. L79125E400 @.1467977E+01
Q. 478719E+00 Q.172782E+01
Q. 47925 3E+Q@ Q. 1749B1E401
Q. L79854E+00 @.178799E+01
B. LBOLTLE+LQQ Q. 180401E+01
Q. 6B11464E4+00 Q. 181115E+4+01
8. 4814B5E+00 Q. 181516E+01
Q. 482178BE+00 Q.18224%E+01
@. 6B82553E+00Q 9.18258B1E+01
3. 6B24B2E+00 @.18B2686E+01
Q. 6B274BE QO @.182738BE+01
Q. 682787E+20 Q. 18276%E+014
Q. 4B2B4Q0E+Q0Q @ 18281Q0E+01
Q. 682867E+00 0. 182830E+01
Q. 6482907E+00 2. 182B8460E+01
Q. 482920E+00 2. 182870E+01
Q. 4B2F27E+20 @.182875E+01
Q. 6B2931E+@0 Q. 18287BE+01
Q. 4B2T36E+DD @.182882E+01
Q. 4B2939E+00 Q. 182884E+01
@ HB2943E+00 @.182887E+01
Q. 68B2944E+00 &.18288BE+01
Q. 682945E4+00 Q. 18288BE+01
Q. 68245E+0Q0Q 2. 182888E+01
Q. 682546E+0Q0Q @.1828B8BFE+01
Q. 4829446E+00Q 2. 18288%E+0@1

AP Pl A N N N A T L G N

y




TN

AL

A IS T IR

NSWC TR 86-324

TABLE 6-11. (CONT.)
p = 1.0 p =1.2

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
}_HUGHES BY HUGHES BY HUGHES BY HUGHES

2. 20000Q0E+20 2. 10000CE+Q1 Q. 14666E6E+01 2. 100000E+01 @.171130E+01
2. 500000E-01 0. 9433446E4+00 @.1447382E+01 Q. ¥44455E4+00 @.146250E+01
2. 100000E+00Q 9. 870510E+00 @.117995E+01 Q. 878393E+00 0. 116330E+04
2. Z00000E+20 Q. 78252464E4+00 Q.109472E+01 Q. E09440E+00 @ . 104179E+01
2. 300000E+00 @.755243E+00 ?.121075E+01 @.7914046E+00 @.112754E+01
?.500000E+00 @.744583E+020 @.135199E+01 0. 785954E+00 @ 123301E+01
2. 750000E+00 @.743B546E+BQ @.142174E+01 B.7846709E+00 @.12B423E+01
0. 100000E+01 @.744588E+00 ©.145259E+0Q1 @.787907E+00 Q. 130&467E4+01
@.150000E+01 Q.746000E1+00 @.147924E+01 @.789L16E+00 @.132595E+01
?. 200000E+OL Q. 744L947E+03 B.1490466E+01 Q. 790451E4+00 @.133419E+01
2. 300000E+O1 @.748049E+00 @ 1500L5E+01 @.791801E+00 0. 134139E+01
2. 400000E+01 @. 74845 6E+00 @.150510E+01 @.792416E+00 @.13445B8BE+401
Q.500000E+Q1L @.74903BE+00 Q. 150757E+01 @.792802E+00 Q.134635E+01
2. i00000E+R2 0.749841E1+00 Q.151208E+01 @.793598E+00 2. 134959E+01
2. 200GR0E+0Q2 @. 75024 2E+00 ©.151411E+014 2. 794010E+00Q @.135104E+021
0. 320000E+02 0. 750404E4+00 @.151475E+01 @.7941C0E400 @ 135154E+401
9. 400000E+0z @.75047BE+00 ©.151507E+61 @.794220E+00 Q. 135173E+01
0.500000E+22 ?.75@521iE+@0 @.1515246E+081 Q.794242E+00 @.135187E+01
2. 750000E+02 2. 750580E+Q0 @. 151550E+01 @.79431BE+00 @.135205E+01
?.100000E+Q3 @. 750405E+Q@D ®.151563E+01 @.794347E4+00 0. 135213E+01
2. 20000QE+023 @. 7504653100 @.151581E+01 @.794387E+00 @. 135226E+401
0. Z00000E+03 Q. 75@4L47E+00 @.151587E+@1 @.794403E+08 @.135231E+01
@. 100000E+03 @.750475E+00 @.151590E+01 Q.794411E400 0. 135233E+01
@.500000E+03 @.750479E+0Q @.151592E401 @.794415E+00 @. 125234E+01
0. 750000E+03 @.75Q4B5E4+00 @.151594E+01 D.794420E+00 ©.135236E+01
?.100000E+04 @.75046BE4+00 ®.151595E+01 @.794423E+00 @.135237E+01
2. 200000E+04 @.750472E+00 @.151597E+21 @.794428E+00 @.135238E+014
0. 300Q00E+04 @.750654E4+00 @.151598E+01 @.794429E4+00 ©.13523%E+01
Q. 400000E+04 Q. 75046F4E+00 @.1541598E+01 Q. 794430E1+00 @.135239E401
3.500000E+04 @.750495E4+00 @.151598E+01 @.794430E+00 0. 135239E+01
9. 750000E+04 0. 750495E+00 @.151599E+401 ®.794431E+00 0. 135239E+01
2. 100000E+0QS @.7506946E+00 9.151599E+01 @ 794431E+00 @. 135239E404
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NSWC TR 86-324

TABLE 6-11.  (CONT.)
B = 1.24309

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

0. 00000RE +0O 2.10000DE4+D1 2.172294E+01
Q. 500000E-01 @.7446BBE4O0 Q. 1446716E4+01
0. 100000E+00 Q. B7997QE4+00 @.116112E+01
2.200000E+00 @.B14373E+00 0.102412E404
Q. 200000E+00Q @.797819E+00 @.111567E+01
Q.500000E+00Q Q. 79Z2141E+00 B.121597E+01
3. 750000E+00 @.794121E+00 @.1246452E4+01
Q. 100000E+01 Q. 795378BE+00 Q. 12857464E+04
@.150000E+02 @.797114E+0Q 0. 130401E4+01
2.200000E+01 @.798154E4+00 @.131180E+01
2. 300000E+01 Q.7993B4E4+00 Q.1318461E+01
2.400000E+01 @.799918E+00 Q. 1i32163E+01
2.500000E+01 2. 8R029%E+Q0 @.132331E+01
0.12000QE+22 Q.201087E+@Q @.132637E4+01
Q. 200000E+02 Q. 201495E4+00 @.132775E+01
Q. 300000E+02 2. 501633E+00 Q.132819E+01
2. 400000E+02 2.801702E+00 Q. 132B840E+01
2. 500000E+02 Q. 801744E4+00 @.132853E+01
2. 750000E+02 . 801B800E+Q0 @.132870E+01
2. 100000E+03 @.801828E+00 Q.132878BE+01
3. 200000E+03 " Q.BB1B70E+R0Q Q. 132891E+01
Q. 300000E+03 2. 801884E+00 2. 132895E+01
0. 400000E+023 2. B8DIBTLIESDD B.1328B97E+01
@.5030000E4+032 Q. 801895E+00 Q. 132898E+01
Q. 750000E+03 Q. 801901iE+00 3. 132900E+01
2. 1000B0E+04 Q. BR1904E+00 Q. 132901E+014
Q. 200000E+04 Q. 801708E+00 Q.132902E+01
?. 300000E+04 Q. E801905E+00 Q.132902E+01
2. 400000E+04 0.801910E+08 D.132902E+01
Q.500000E+04 2.801910E4+00 d.132903E+01
. 7S50000E+04 0.801911E+Q0 Q. 132903E+014
9. 120000E+05 Q. .B01911E+00 9. 132903E+01
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TABLE 6-12. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a=0.0, vy=15, =11, £=0.10

: f = 0.574609 f=0.6

) DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM

: Y HUGHES Y HUGHES BY HUGHES BY HUGHES

1)

L
0. 200000E+02 Q. 120000E+01 0. 163222E401 2. 100000E+@1 @. 14£2493E401
9.500000E-01 0.928175E+00 Q. 144783E+01 @ 7283I57E+0D Q. 144L74E431
2. 100000E+00 9.804128E+00 Q.125187E+01 B EVLETIYEFOD ?.1E44TLEXDL

A 0. 20000RE+DD 0.544975E4+00 0. 145524401 @.55&6944E400 @.142556E401

| 9. 30Q0RQE+00 Q.439350€4+00 0.184389E+01 @. 4545 36E+00 @ 178900E+0Q1

; 2.500000E+00 ®.395527E+0@ ®. 23108SE+01 Q. 4095C4E+Q0 Q. 2RZ3E4E+QL

K 2. 750000E+00 Q. 445845E400 Q. 2565459E+01 Q. 4Q2534E+D0 @ 245B1S5E+0Q1
Q. 100000E+01 Q. 674298E+00 Q.248740E+01 Q. 4042464E100 @ 256973E+01
0. 150000E+01 0.812124E+00 Q. 279957E+01 O £1&6535E+00 @ 2&7EZiTE+@i
0. 200000E+01 0.859951E+02 ? 285063E+01 0. £P2BQT7E+00 @ 2718LBE+Q1

) Q. 300Q00E+@1 Q. 919222E+020 Q. 28Y756E+4+021 @ 737272E+00 @.2745133E+01

) 0. 400Q000E+01 0.9418546E400 Q. 291930E+21 @ 7E11QLE+OQ @ Z7EIQEE+Q1
0.500000E+01 0. 954457E+00 Q. 293176E+01 Q. 774422E+00 Q. 279232E+@1
9. 10000Q2E+02 0. 978505E4+00 Q. 295526E+01 @ 798945E+02 2. 2B81361E+@1
9. 200000E+02 0. 989548E+00 0. 296429E+01 @ E101E54E400 Q. EECZSTE+O1L
9. 300000E+02 0. 993098E+02 D.276984E+01 2 ELZ7E81E+QQ Q. 2EZLROE+@1

< . 400000E4+02 Q. 994348E+4+00 D 237162E+01 @ E15553E+00 @ ZBZE3FErQ@L

“ 0.500000E+02 9. 995890E+00 2.297267E+401 O S1c607E+QQ @ Z8E922E+01

" 9.750000Z+02 0.997270E+00 0. 297404E+01 Q@ E16201E+00 Q. 25305FE+01

3 ?. 10000QE+03 Q. 99795 7E4+00 Q. 29747SE+01 @ S1BLSFSE+QQ Q. Z83122E+01

i 2. 200000E+Q3 Q. 998981E+20Q @ Z97579E+401 Q@ S1S725E+00 @ ZB3Z15E+01

) 2. 300000E+03 Q. 999321E+00 @ 297613E+01 & SZQQ7ZE+0D 0 ZE3Z4LE+OL
o. 400000E+03 0. 99F4F1E+00 @ 29753CE+01 Q@ 220243E+0Q @ 2B2Z4ZE401
0.500000E+03 0 999593E+0Q ® 297441E+01 ? E20Z45E+00 Q@ Z82271iE+21

4 2.7S000QE+03 Q. 999728E+00 @ 297454E+01 D E2Q4E3E+QQ D 283283E+01
2 1000GQE+04 D F99796E+00 @ &97661E+04 ® EC@SS1E+Q@ @ ZB3289E+Q1
O 200000E+04 @ 9998°8E+00 @ 297671E+01 @ ECQLS4E+QQ @ 2E3E9FE+@1i
2. 300000E+04 ?. 999932E+00 ® 29747S5E+01 @ SZQLSEEHDE D ZE3ZQZE+@d
O 400000E+04 Q. 9799949E+00 @ 297677E401 Q@ ECOTQSE+DQ @ 283303E+01
0.500000E+04 Q. 999959E+00 @ 297678E+01 0 SZQTISE+0QQ Q. 283204E+21
0. 750000E+04 Q. F99972E+00 @ 297679E4+01 O E2RT2SE+00 @ ZBI30LE+Q1L

. 0 1i0Q00Q0E+0S @ 999979E+00 @ 2974580E+01 @ E2QTIEE4QQ @ 253306E+01

d
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[
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TABLE 6-12. (CONT.)
B=0.7 f=08

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_BY HUGHES BY HUGHES Y HUGHES BY HUGHES

2. 0000VRE+RR Q. 100000E+01 @.164774E+01 ®. L00OBOEYOY Q. 1646391E+D1
?.500000E-03 Q. 929042E+00 D.144469E+01 Q. 929754E+@0 @.144592E+01
@. 100000E+00 9.81i2489E+00 9.121873E+04 @.518467CE+0Q @.119878E+Q1
0. cODQDOE+00 ?.598074E+00 ?.132303E+01 D.63176TE+RO @.i24273E+01
&. 300000E+Q0 R.514449E+00 3. 160677E4+012 Q.561520E+Q0 @. 144818E+Q1
¢.S00000E+2Q @.478874E+00 9.193902E+01 Q.532001E+00 @.172931E+01
2. 7SO0BOE+020 0. 446B137E4+Q0 @.211363E+01 @.524513E+QQ ©.186359E+01
0. 100000E+01 @. 46404 6E+00 0.21951QE+01 0.52Z091E+Q@Q ©.19&538E4+01
3. 150000E+01 Q. 46071BE+QR Q. 226895E+01 0.520423E+Q0 Q. 19E080E+01
3. 200000E+01 @.453332E+08 9.E230211E+014 @.SL1FECLIEFQD @ ZBRS4TESLDL
?. 300000E+01 Q.458131E+00 @.233230E+01 Q.519444E+00 @ 28277BE4+01i
3. 400000E+01 B.457400E+020 D.234617E+401 @.519304E4+00 Q. .2032797E+@1
? SO00QDE+Q1 Q. 457304E+00 @.235407E+01 @.519241E+@Q @ 204376E+01
2. 100000E+02 D.456764E+00 Q. 234892E+01 @.51i91i55E+@Q @.2054450E+01
0. c00000E+R2 Q. 454520E+00 ®.237584E401 ©.519125£4+00 Q. 205 942E+01
0. 300000E+02 @.454442E+0Q0 Q.237808E+01 ©.519131E+00 Q. 2046124E+01
0. 400000E+R2 0. 454404E4+00 @.23791BE+01 @.519130E+00 Q. Z0A2Q4E+01
?.500000E+02 Q. 45438B2E+00 @.237983E+01 @.519129E+00Q @.206251E+01
9. 750000E+02 Q.4546352E+00 @.238070E+01 D.519129E+28 Q.2046314E401
3. 100000E+23 Q. 454337E+00 @.238114E+01 Q.519128E+00 Q. Z04&3446E+01
?. 2O00000E+@3 @.454315E+00 9.238178E+01 D.51512BE+0@ ®. 2046392E4+01
@. 300000E+03 @.456308BE+00 Q. 238200E+01 @.519128E+00 Q. 20L408E+01
0. 400000E+03 Q. 454304E+00 @.238210E+01 Q.%19128E+00Q Q. 2046415E+01
9.50000QE+Q@3 0. 454302E4+00 ®.238217E+061 @.51912BE+00 Q. 206420E+01
@.750000E+03 @.456299E+00 Q.2382c25E+01 Q.519128BE+QQ Q. 204L426E+01
2. 100000E+04 Q. 454298BE+00 @.238230E+01 @.51912BE+00 @ 2046430E HD1
2.200000E+04 Q.456295E+03 @.238236E+01 @.5191z28E+02 Q. Z20L434E+0D1
3. 300000E+04 Q.454295E4+00 0.23823BE+01 ©.519128E+Q0 D.206436E+01
3. 400003E+04 Q. 454294E+00 9.238237E+01 @.515126E+00 Q. Z04436E+21
?.S00000E+D4 0. 454294E+DD D.238z40E+01 R.51%126E+Q0Q Q. 204437E Q1
0. 75000RE+04 Q. 456294E4+00 Q.238241E+01 @.5151iz6E+0Q Q. 20543BE+04
9. 100000E+0Q5 Q. 4546294E4+Q0 Q. 238241E+01 0.519128E+00 QA 2@443BE+01
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TABLE 6-12. (CONT.)

=10 B=158
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES ' _HUGHES W _HUGHES ¥ _HUGHES
2. 200000E+R0 2. 100000E+21 0. 17B605E+Q1 2. 100000E+QL @ 1B&L30E+LOL
2.500000E-01 Q. 731100E+00 @. 145713E+31 Q. 934254E+00Q D.152771E+01
2. 100000E+00 8.829713E+00 ®.117294E401 @.2527F4LE+00 9. 115782E+@1
©. 200000E+00 ? AR4AAACESDQ 2.1124709E 104 @ TLETRTT DT 9. 18i85iEv01
®. 300000E+00 Q. 633084E+00 0. 1281i84E+01 Q. 740L85E+Q0 @ 105S518E+01
@.S00@00E+D0 0. 4611223E+00 @. 145553E+01 2.720147E+00 @ L1ELLEFEFOL
8.750000E+00 ®. LDL60BE+RR @.154223E+01 @. 72E5I4E+00 Q. 1Z30462E+01
. 100000E+01 @. LO5545E+QQ @.158131E+@1 @ 72E574E+QQ Q. 124590E+@14
2. 1500080E+01 G. 4@525QE+00 0.161582E+01 & 72519FE+2Q Q. 124&59E+@1
2. 20000CE+01 Q. &U5244E+00 Q. 1£3896E+01 Q. 729497E+QQ @ 127 27FE+@L
Q. 300000E+01 0. 5055 F&E+20 Q. 1464451E+01 Q. 720221E+0Q0Q @ 1Z2EQ14E+01L
0.400000E+01 Q. LB5780E+00 Q. 1450B6EE+D1 Q. T2QLEQE+HDD @. 12BEFFE+@1
2.500000E+01 @. L0570EE+OQ @.1565411E+01 9. 73Q0905E+0QQ 2. 1ZE4SEE+Qi
0. 100000E+02 @. L06205E+00 ©.165055E+81 Q. 721402E+0Q Q. 12R752E+01
Q. 200000E+02 8. 606374E+00 @ 1466351E+401 Q. 731&44EHQO @ 128BBOE+QL
0. 300000E+02 Q. L0L433E+00 Q. 166445E401 Q. 721754E+00 2. 128929E+01
@. 400000E+02 Q. 50564463E+00 D.146493E+01 3. 731800E+0Q @ 12895Q0E+014
0.500000E+02 0. LOL4B2E+RR 0. 16L521E+01 @. 7=1827E+00Q Q. 1c8F63E+RL
@.750000E+02 0. 6BLEQLE+DO @.144558E+01 @ T31EC4E+QO @ 12EY79E+01
2. 100000E+03 0. 484515E+00 0. 166576E421 @ 731BECE+QO ? 128%B7E+Q1
0. 200000E+03 @. L0L537E+00 0. 166603E+014 2 T731910E+00Q 3. 1290Q0E+21
0. 300000E+03 B. 604544E400 B. 166&£12E+401 ®. 721915E4+Q0Q Q. 129204E+21
0. 400000E+03 Q. £04547E+00 @ 1646617E+014 @ 73i924E+QQ Q. 1E7QRLE+FRL
0.500000E+03 3. 6BL549E+00 D.166619E+01 @.7215z7E+00 @ 12°007E+Q1
@.750000E+03 Q. 6B84551E+00 Q. 1664623E+014 @ 731930E+Q0Q Q@ 127008E+R14
9.100000E+04 @. b0L552ZE+00 0. 1466625E+01 @ 731532E+00 @ 12900°FE+@y
@.200000E+R4 0. &04554E+00 0. 14662BE+01 @ 7315:SE+4QQ @ 125010E+01
2. 300000E+24 0. 4Q046555E+00 @ 16652BE+01 @ 73193LE+QQ ® 12%Q11E+014
@.420000E+04 Q. £LOLESSE+HDO @ 146L29E+01 ¥ 731536E+0Q @ 129211E+01
0.500000E+04 Q. 6B4555E+00 Q. 146625E+01 @ 731937E4+00 @ 125011E+0QJ
0.750000E+04 Q. L065546E+00 @ 166430E+01 @ 7319Z7E+Q@Q @ 12501iE+Q1
. 100000E+05 Q. OL554E+D0 O 166430E+01 @ TZ1537E+Q0 @ 1250t1E+01
h-"13
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TABLE 6-12. (CONT.)
B =20
DELTAT/FERIOD SPECTRAL RADIUS SPECTRAL NORM
B'Y HUGHES B HUGHES
9. 000000E+00 ?. 100000E+Q1 0. 209988E+01
@.500000E-01 @.937137E+00 B.164724E+01
0 1 ARAAAE+ND A RIAPIAF+B0 ©.118440E4+01
Q. 200020E+00Q 9.813427E+00 Q. 101290E+04 !
9. 300000E+00 Q.799871E+00 9.107198E+01 ‘
0.500000E+00 @.79505FE+00 @.114048E+01
@.750000E+00Q Q.794951E+00 @.117254E+014
9. 100000E+01 @.7954464E4+00 0. 118649E+01
Q.15Q0000E+01 Q. 7946344E4+00 @.119854E+01 4
0. 200000E+01 @.7946918E+00 Q.120373E+01 :
2. 2000Q0E+01 Q.797579E+00 2.120833E+01 K
9. 400002E+0L 0.797941E+00 @.121039E+01 \
9.500000E+01 Q.7981469E+00 @.121155E+01 }
Q. 100000E+02 Q. 79854 7E+00 9.121370E+01 X
3. 200000E+02 Q.798898E+00 @.121468E+01
9. 300000E+02 @.798983E+00 @.121499E+01 ]
Q. 400000E+02 Q. 799024E+00 @.121515E+01 )
?.500000E+02 0.799052E+00 0. 121524E+04 '
Q.750000E+02 9. 799084E+00 Q. 121536E+014 ¥
9. 100000E+03 0.799104E+00 0.121542E4+01 )
3. 200000E+03 @.799130E+08 @.1i21551E+014 \
@. 300000E+03 Q.799138E+00 @.121554E+01 1
Q. 400000E+03 Q.799143E+00 @.121555E+01
9.500000E+03 @.797145E+00 @.121554E+01 :
@. 750000E+03 Q. 799149E+00 @.121557E+01 ’
0. 100000E+04 Q. 799151E+00 @.121558E+01 ]
Q. 2000C0E+04 @.799453E+00 @.i21559E+01 ¢
9. 300000E+04 Q.7991S4E+00 Q. 121555E+014 :
Q. 400000E+04 9.799154E+080 @.121559E+014 X
9.500000E+04 @.7991SSE+00 9. 121559E+04
Q. 750000E+04 2. 7991SS5E+00 Q.121540E+01
9. 100C00E+0S 9. 799155E+00 9. 121540E+01
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TABLE 6-13. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FORa =0.0, Y=13,0 =14, £=0.1
B=0.7 B=0.8

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

Q. 2000RQE+QD 2. 10000QE+Q1 Q. 151848E401 2. 10Q000E+01 Q.1461821E4+01
9.500000E-Q1 0.3741738E+00 @.1446578E401 0. 942710E+00 @. 145602E+@1
0. 100000E+0Y 0. B7EBIY SE+OD Q. 1EBETEEYDL Q. BB 912E+00 @.1264543E+01
2. 200000E+00Q @.834199E+00 0.117426E401 B. B54459E+00 ?.113800E+01
2. 300000E+00Q @.827381E+00 ?.120187E+01 Q. 8545 72E+00 @.114766E+01
0.500000E4+00 9. 826250E+00 3.125736E+01 Q. B6OZ3SE+RD @.118438E+01
Q. 75000QE+00 0. 824914E+00 @.128919E+01 Q. BL3BT7LEFOS B.1204654E+01
9. 100000E+0Q1 @.827508E+00 9.130423E4+01 0. B44574E400 9. 121705E+01
2. 150000E+01 Q. 828259E+00 @.131787E+01 3. B6LIZ3E+DB Q. i226R6E40B1
9. 200000E+0Q1 ?. 828690E+00 @.132398E+01 Q. BLLTIQE+DD 0. 123080E+01
@. 300000E4+01 Q. 829158E+00 @.132953E+01 2.8467702E+00 @.123444E+014
9. 400000E+01 @.829405E+020 @.133207E+01 D. E6BRIYEFDRD @.123639E+01
0.500002E+01 Q.829557E+00 @®.133351E+01 @.B6833I7E+00 . 123738BE+01
Q. 120000E+02 2.829871E+00 @.133623E+01 0. B48B14E+00 Q. 123924E+01
. 200000E+B2 ?.830033E+00 @.133749E+01 @.B6FRS2E+DB @.12401i0E+31
?. 300000E+02 Q. 830087E4+00 @.133789E+01 Q. B6Y1i32E+RQ 8. 124037E+01
0. 400000E4+02 9.830115E+00 9.133809E+401 @.869172E4+00 @.124051E+014
?.500000E+02 2.830131E+00 @.133821E4+01 Q. BLF195E+00D Q. 124059E+01
@.75@000E+Q2 @.830153E+00 @.133837E401 @. BLI227E+QD Q.124870E+01
3. 1000Q2E+G3 @. 8301464E4+00 @.133845E+401 @. 846924 3E+00 Q.124075E+014
Q. 200000E+23 2.830181E4+00 @.133856E+01 B.B6F267TE+QGOD @.124083E+01
9. 30000QE+03 9. 830186E+00 9. 133840E+01 @.B8&FZ275E+Q00 @.124084E+01
9.400000E4+03 @.830189E4+00 @.133842E+01 Q. 8469279E+0QO 2. 124087E+01
0.500000E+03 0.830191E+00 @.133863E4+01 Q. 8692B1E+00Q Q. 124088E+01
@.750000E+03 Q. 8301i93E+00 @.133845€E+01 Q.846F2B4E+00 D.12408%E+01
Q. 100000E4+04 2.830194E+00 @.1338464E+01 Q. B6Y2BLE+RD D.124089E+01
Q. 20000QE+04 ?.830196E4+00 @.133867E+01 Q.84928BBE+00 0.124090E+01
9. 300000E+04 @.830196E4+00 @.133847E4+01 @.8692BE+Q0 0. 124090E+04
0. 400000E+04 Q.8301946E+00 @.133848E+01 3. BLFZTOE+QD G.124091E+01
?.500000E+04 @.830197E+00 Q. 133848E+01 Q. BLI2IOE+RD Q. 124091E+01
@.750000E+04 Q.830177E+00 2.133848E+01 Q.865929CE+00 Q. 124091E+01
2. 100000E+05 @.830197E+00 @.1338468E+01 Q. B4LIZFVE+QD @.124091E+01
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DELTAT/PERIOD

NSWC TR 86-324

(CONT.)

5596899680085 00066808" 90895086

. 200002E+00
.500000E-01

4 ARRDRRC LN
A T ww

. 200002E+020
. 300000E+20
.50000RE+00
. 750000E+00
. 100000E+01
.150000E+01

2O0R0QE+OL

. 300000E+01
. 400000E+Q1
.S0000RE+01
. 100002E+02
. 200000E+02
. 300000E+02
. 400000E+02
.500000E+02
. 750000E+0@2
. 100600E+03
. 200000E+@3
. 300000E+03

400000E+03
E00000E+03

. 750000E+03
. 100000E+04
. 200000E+Q4
. 300000E+04
. 400000E+04
.5000002E+04
. 750000E+04
. 100000E+05

TABLE 6-13.
g=0.9
SPECTRAL RADIUS SPECTRAL NORM
.100000E+01 0.162030E+01
. F434659E+0D @.144B09E+01
ge27eg7e+2l ¢. 1259008161
. B74824E+00 @.110959E+01
. B789464E+00 @.110727E+01
. BBS530E+00 ©.113273E+04
. B89349E+00 @.114937E+4+01
.B71324E+00 @.115734E+01
.B93266E+00 ©.116456E4+01
.8942232E+00 0.116778E+01
. 8951 4BE+00 0.117848E+04
. BYS4L34E400 @.117201E+01
. B95912E+00 @.117275E+014
.B764463E+00 @.117415E+91
.B9467346E+00 0. 117479E+01
. 894826E+00 ©.117500E+01
.B946871E+00 0.117510E+01
. B94BYBE+0O 0.117516E+01
8946935E4+00 @.117524E+04
.B74953E+00 ©.11752BE+01
. 894980E+00 @.117534E4+04
.894£989E4+00 ©.117534E+01
. 896993E+00 @.117537E+01
. BPLIFLEHOO @.117538E+01
.B9499FE+Q0 ©.11753%E+04
.B97001E+00 @.117539E+01
. 897004E+00 @.117540E+01
. 897005E+00 @.117540E401
. 897Q00SE+Q0 0.117540E+01
. 897004E+0D @.117540E+01
. B97004E+00 9.117540E4+01
. B97006E+00 @.117540E+01

9895090806800 959559680688686688

B = 0.946915

SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

. 100000E+Q1 Q.1462211E4+014
. 944097E+00 Q.1444%6E+01
. 875500E+00 @.ic4436E+01
. 882172E+00 @.i09831E+01
.B87747E+00 9. 109179E+014
. 895 1BBE+00 Q. 1i1i375E+01
.899347E+00 @.112877E+01
.901430E+00 @.113601E+01
. FA3478BE+00 G.114257E+01
. 90448QE+00 @.114549E+01
. 9054 63E+00 D.114813E+01
. 905947E+Q0 @.114933E+01
. 904235E+00 9.115004E+01
. 904LBO4E+OD Q.115127E+04
. FQ07Q85E+00 @.11i51846E+01
.907178E4+00 0.115204E+01
. FO7225E+00 @. 11521 3E+01
. 20725 3E+00 @.115219E+01
. 907290E+00 2. 115226E+01
. 907308E+00 @.115230E+01
.F07336E4+00 @.115235E+01
. 907345E+00 @.115237E+01
. 987 350E+00 9. 115238E+01
. 90735 3E+00 ?.115238E+01
. 90735 TE+00 0. 115239E401
. 907 358E+00 P.115240E+014
. 9073461E+00 @.115240E4+014
. 907362E+00 @.115240E+01
. 907 343E+20 Q. 115240E+04
. 907363E+00 9. 115240E+01
. 9@873463E+00 @.115240E+01
. 907 363E4+00 @.115240E+01
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TABLE 6-14.

DELTAT/PERIOD

f=118

NSWC TR 86-324

SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a=0.0. =19, 6§ =14, £=0.1

SPECTRAL RADIUS

_BY HUGHES

5086868985066 68068069G6E5 86888686808

. Q0Q02QE+0D
.500000E-91
. 100000E+00
. 200000E+00
. 3000Q0E+00
.5 00000E+20
. 750000E+00
. 100000E+01
.150000E+01
. 20002 BE+B1
. 300000E+01
. 400000E+01
.500000E+01
. 102020E+02
. 200000E+02
. 300000E+02
. 400000E+02
.500000E+02
. 750000E+4+02
. 100000E+03
. CO0Q00E+03
. 300000E+03
. 400000E+23
.SO0000E+03
. 750000E+4@3
.100000E+04
. 200000E+04
. 300000E+04
. 400000E+04
. 500000E+04
. 750000E+024
. 100000E+0S

G066 606606000806G6G6GEO66658686

. 100000E+Q1
.922943E+00
.842503E+00
. 8085 39€+22
.80741iE+00
. 808878E+00
. BA99806E+22
. 810559E+00
.811136E+00
.Bii4i5E+00
.8114698E+00
.811835E+00
.811916E+00
.812074E+00
.B12154E+00
.812182E+00
.812195E+00
.812203E+00
. 81221 3E+00
.812219E+00
.Bilazaase+e0
.812229E+00
.812230E+00
.812231E+00
.812232E+00
.812233E+00
.812234E+00
.812234E+00
.B12234E+00
.812234E+00
.812234E+00
.812234E+00

SFPECTRAL NORM

BY HUGHES

S88C06606860G668860886868686868688ES6

.1469001E+01
.143312E+01
.119876E+01
.1846871E+01
.187270E+01
.189937E+01
.111578E+@1
.1123483E401
.113082E+01
.113487E491
.11 3705E+01
.113843E+01
.113922E+01
.114071E+01
.114140E+01
.114163E+01
.114174E+401
.114181E+01
.114190E+01
.114194E+01
.114200E401
.114203E+401
.114204E+401
.114204E+01
.114205E+01
.114206E+01
.114206E+401
.114207E+01
.114207E+01
.114207E+01
.114207E+01
.114207E+@1

6-57

=12

SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

Q. 130000E+01 Q. 149354E+01
@.92314BE+0QQ @.143342E+014
@.E43717E4+00 D.119723E+04
Q. B11614E+00 Q. 1i04527E+01
Q@.E1@984E+00 2. 106822E+01
D.BL12E00E+DO 9. 10940%E+01
0.E14QB5EE4+0G @.111010E+21
Q. ELI47QEE+DO @.111776E+014
Q. 815 34BE+0QO Q. 1124746E401
@ BlS5&62E4+QO @. . 112792E+01
@.8B1l5%972E+02@ 2. 113082E+01
@ . B1&41R3E400 @. 113214E+01
Q. 81621 2E4+00 Q. 113292E+01i
@.Bi4391E+0Q @.113436E+01
0. 81447EE+00 ?.1135Q04E 101
@.B146507E+QD Q. 113526E+01
@.B8146522E+006 @.113537E+01
2.8146530E4+Q0 Q. 113543E+014
B.816542E+0Q00 @.113552E+01
@ Bl4LS48E+Q0 @. 113556E+0214
D.814554E4+00 @.113562E+01
B.814559E400 @.113544E+01%
@.8165461E+2G Q. 113565E+01
Q. B16562E+00 Q. 1135466E+01
Q. 814563E+00 Q. 113567E+@1
Q. B14563E+00 @.113567E+01
Q. 8145464E+400 @.113568E+01
Q. B16564E+00 @. 113548BE+01
@ B14LS4L5E+QQ 3. 113546BE+01
@.816565E4+00 2. 113546BE+01
Q.8165465E+20 @ 11356BE+01
@ B14565E+00 Q. 113568E+01
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p=20

NSWC TR 86-324
TABLE 6-14. (CONT.)
B=15
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES — BY HUGHES
0. 000000E+00 9. 100000E+01 D.175626E+01
2. 500000E-01 D.926126E+00 Q.144305E4+01
2. 100000E+00 Q.8B42737E+00 @.117922E+01
9. 200000E+00 0. 848847E+00 0. 102683E+01
0. 302000E+00 @0.853012E+00 2. 102389E+014
9. SO000RE+D0 0.8B5791BE+00 Q. 104B4FE+OL
9. 750000E+00 0.840474E+00 Q.106378BE+01
0. 100000E+01 2.861718E+00 9.107077E+01
9. 150000E+01 @.8462912E+00 Q.107499E+01
Q. 200000E+01 9. 863488E+00 Q. 107975E+01
0. 300000E+0D1 @. 86404 4E+00 Q. 108223E+01
Q. 400000E+01 Q.864319E400 0.108336E+01
0.500000E+01 0. 864482E+00 Q. 108400E+014
9. 100000E+02 Q. BLATITE+QQ Q.108519E+01
Q. 200000E+02 0. B64953E+00O Q. 108B575E+01
Q. 300000E+02 3. BLSQOSE+QO Q. 108593E+01
2. 400006E+02 Q. 865030E+00 Q. 1084602E+01
2. 500000E+02 0. 865044E+00 9. 1084607E+01
9. 750002E+02 Q. BASQLLE+DD Q. 10B614E+01
0. 100000E+03 2. 845074E+00 Q. 10861 7E+014
Q. 200000E+03 0. BLSAFRE+OQ Q. 108422E+01
9. 300000E+03 Q. 845097E+00 Q. 108424E+01
3.400000E+03 . B845QFFE+DQ Q. 108625E+01
2.500000E+03 O BLSI1DLESOO Q. 1084625E+01
9. 750000E+03 Q. B8465103E+00 Q. 108626E+01
9. 100G00E+04 2. 865104E+00 Q. 108626E+01
9. 200000E+04 Q. B65104E+00 Q. 108427E+014
9. 300000E+04 0. 8465104E+00 Q. 108627F+01
0. 400000E+04 Q. 8465106E+00 Q. 108627E+01
9.5S00000E+04 9. B4SLOLEIDO Q. 1084627E+01
9. 750000E+04 Q. 8B45107E+00 Q. 108627E+01
9. 100000E+0S 0. 865107E+00 Q. 1084627E+01
6-58

SPECTRAL RADIUS

BY HUGHES

6980609068869 66066066660068H08608S8

. 100C00E+01
. 9304699E+00
. BB4L439E4+00
. 887743E+00
. B94553E+00
. 9007 39E+00
.903741E4+00Q
. 905149E+00
. 90465 32E+00
.907184E+00
.907819E+00
.708128E+00
. 708310E+00Q
. 70B84LLFELQR
. 70BB846E+00
. 708904E+00
. 908933E+4+00
. 908951E+00

F08974E+00

. 908984E+00
. 909003E+00
. 7@7009E+00
. 90901 2E+00
. 90901 3E+00
. 90901 6E+00
. 909017E+00
. 90901 7E+00
. 909019E+00
. F09019E+00
. 909020E+00

F09020E+00

. 909020E+00

SPECTRAL NORM

BY HUGHES

8960660806090 66668086880868006060686006608

.189911E+01
.1474698BE+01
.1146331E+01
. 100033E+01
.1034646FE+01
. 108291E+01
. 110249E+01
.111077E+01
.111787E+4014
. 112094E+01
.112367E+01
.112490E+01
.11256BE+01
. 112690E+01
-112751E+01
.11277@E+01
.112780E+01
.112785E+01
. 112793E+01

112797E+014
112802E+01

-112804E+01
- 112805E+21
.112605E+01
.112806E+01
. 112807E+01
.112807€E+01
.112807E+01

112807E+01
112807E+01

. 1128@8E+01

112808E+01
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NSWC TR 86-324
TABLE 6-14. (CONT.)
B = 2.14991

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

9. 000000E+00 0. 100000E+01 Q. 1795085E+01
Q.500000E-01 @.931982E+00 9.149079E+014
2. 100000E+00 2.8%92172E+00 @.1146085E+01
3. 200000E+00 Q.B896067E+00 2. 100499E+01
@. 300000E+00 Q. 9031 35E+00 @. 105923E+01
3. 5C000QE+0Q @. 909344E+00 @.110721E+01
Q. 750000E+00 3. 912358E+00 Q.1124648B5E+01
?.100000E+01 @.913778E+00 @.113511E4+01
3. 1500B0E+01 Q.915133E+0O Q. 114218E+014
0. 200000E+01 2. 915782E400 @.114524E+01
Q. 300000E+01 Q. 9146411E4+00 Q.114797E+01
Q. 400000E+01 2.914718E+00 Q.114920E+01
Q.50C000E+01 Q. F148B99E+00 @.114971E+01
2. 100000E+@R2 Q.917254E+00 @.115121E+021
3. 200000E+0@2 2.917432E+00 9.115182E+01
2. 300000E+02 0. F17490E+00 9.115202E+01
Q. 40000QE+02 Q.917519E+00 D.115211E+4+01
9. SO000BE+02 @.917534E+00 Q.115217E+01
Q. 750000E+02 Q. %17559E+00 @.115225E+01
Q. 100000E+03 Q@.947571E+00 @.115228E+01
Q. 200000E+03 9. 917588E+00 Q. 115234E+01
2. 300800E+03 Q. 917594E+00 @.115236E+014
Q. 400000E+03 2. 917597E+02 @.115237E+01
0. 5S00000E+03 Q. ?17598E+00 9.115238E+01
Q. 7S0000E+Q3 0.9174Q1E+00 Q.11523BE+04
9. 100000E+04 Q. 917402E+00 0.115239E+01
?. 200000E+04 Q.917604E+00 @.115239E+01
O. 300000E+04 Q. 917404E+20 @.11523%E+01
. 400000E+04 Q. 917605E+0@ 0.115239E+01
0. SOP0OOE+04 9. 917605E+080 Q. 115240E+01
Q. 750000E+04 D.917405E+00Q Q. 115240E+01
0. 100000E+0S Q. 917605E+00 @. 115240E+01
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NSWC TR 86-324

TABLE 6-15. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a=-0.10, y=1.6,0 =14, £§=0.10
B=0.576 p=08

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

Q. Q000Q0E+RQ @.100000E+01 @.161803E+01 Q.100000E+01 Q. 1462393E+01
2.500000E-01 Q. 934044E+00 Q.1446917E+01 @.93415QE+00 Q. 14511 1E+01
9. 100000E+00 Q. B4SY97E+0D @.129734E+01 @.8435Q1E4+00 Q. 125594E+01
2. 2B0000E+0Q @.753720E+00 Q. 126241E+01 0.813457E+00Q 9.115052E+01
2. 3000Q0E+0Q Q. 722226E+00 @.137253E+01 Q.805193E4+00 Q.118837E+01
2. 500000E+00 Q. 497854E4+00 9.152789E+01 2.802195E+00 Q. 125540E+01
Q. 750000E+00 Q. 686215E+00 Q.156175CE+01 3. 801508E+00 @.129438E+01
@.100000E+01 Q. 6BOLB3E+QO D.166159E+01 Q. 801491E+00 0. 131300E+01
2. 150000E+01 Q. 67544 1E4+00 @.170333E+01 @.801477E4+0Q D.133022E4+01
0. 200000E+01 Q. 672958E+00 9.172285E401 9.8015Q05E+00 9.133811E+01
0. 300000E+014 Q. 470584E4+00 0.174120E4+01 0.8Q1S5S7E+20 @.134540E+01
9. 400000E+D1 Q. 669442E+00 .174989E4+01 0.801i591E+00 ?.134880E+01
0.500000E+01 Q. 468773E4+00 @.175493E+01 ?.8014615E+00Q @.135Q76E+01
2. 100000E+02 Q. 667471E4+00 B.1746461E401 D.801447E+00 ?.135447E+01
2. 20000RE+02 0. 4L4646839E+00 @.176923E+01 Q.8014F7E+00 @.135623E401
2. 300000E+02 0. b&&L31E+OD D.177074E4+01 @.801707E+00 @.135480E401
0. 420000E+02 Q. 44646528E400 @.17734%E+01 Q.801712E+00 Q.135708E+01
0.500000E+02 Q. b6L466E4+00 9.177193E+01 Q.801714E+00 @.135725E401
Q. 750000E+02 Q. 6663B4E4+00 B.177253E+01 Q.801720E+00 @.135747E+01
@. 100000E+03 Q. 6646343E+00 ©.177282E+01 Q.801722E+00 @.135758E+01
. 20008BE+D3 Q. 4646282E+00 @.177326E4+01 ?.801725E4+00 @.13577SE+01
2. 300000E+03 B. 666261E4+00 9.177341E+01 Q.801724E+00 D.135781E4+01
3. 400000E+03 Q. 644251E4+00 Q. 177348E4+01 9.801727E4+00 @.135783E+01
9. 5S00000E+03 Q. 464245E+00 @.177353E+01 ?.801727E+00 @.135785E+01
Q. 750000E+03 Q. 664237E4+00 B.177359E+01 @.801i728E+00 ?.135787E401
2. 100000E+04 Q. 666233E1+00 Q.177362E+01 @.801728E+00 @.135788E+@1
9. 200000E+04 8. 64662RP7E+00 Q.1773b6E+01 Q.801728E400 ?.135799E+4+01
3. 300000E+04 B. 64646225E4+00 Q.177368E+01 0.801728E4+00 0.135790E+4+01
0. 400000E+04 @. 6646224E+00 @.177368E+01 0.801728E+00 9.135791E+01
?.500000E+04 Q. 4666223E+08 Q.177369E+01 Q.801728E+00 @.135791E+01
@.750008E+04 Q. 466222E+00 @.17734649E+01 0.801728E4+00 Q.135791E+01
@. 10C00RE+0S 0. bb6222E+00 Q.17737@E+01 ¢ 801728E+00 0.135791E+01
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W FEITERRASSES AR

NSWC TR 86-324
TABLE 6-15. (CONT.)
f=1.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
B HUGHES —BY HUGHES

2. 000000E+20 2. 100000E+01 @.1463901E4+01
Q.500000E-01 @.937924E+20 Q.144269E+01
2. 100000E+02 D.876471E+00 Q. 123004E+01
Q. 200000E+00 9.848183E+00 3. 109203E+01
2. 30000QE+Q0 @.843621E+00 @.118229E+01
2.500000E+0Q Q.852151E+2@ @.114148E+01
Q. 750000E+00 9. 854478E+00 D.1146503E+01
9. 100000E+01 @.855727E+00 @.117625E+01
2. 150000E+01 Q. 8556945E4+00 @.118651E401
2. 260003E+01 2.857579E+02 @.119115E+01
3. 300000E+01 @.8581846E+00 9. 119539E+01
Q. 400000E+01 Q.858487E+09 D.119735E+01
@.5000A0E+01 9. B58466E+00 0.117847E+01
2. 10000QE+02 9. 859022E+00 Q. 120058E+01
0. 200000E+02 D.857178E+00 9.120157E+01
2. 300000E+02 @.859a57E+00 2.120189E+01
9. 400000E+02 3. 8B592B4E+00Q Q. 120204E401
?.500000E4+02 2.859324E+00 3. 120214E+014
@.750000E+02 @.859327E+00 Q. 120226E+01
2. 100000E+@3 @.859339E+22 @.120232E+01
2. 20000Q0E+03 Q.859356E+00 9.120242E+01
?. 300000E4+03 @.859342E+00 3. 120245E+01
?. 400000E+03 @.859345E+002 Q. 120246E+01
9. 50000QE+03 0.859367E+00 Q. 12B8247E+01
@.750000E+03 0.85934FE+00@ Q.120249E+01
2. 100000E+04 @.859372E+00 9. 120249E+01
D. 200000E+04 @.859372E+2@ 3. 120250E+921
Q. 300000E+04 d.85%373E+00 2. 120250E+01
0.400000E+04 @.859373E+Q0 0.120251E+01
Q.502%0QE+04 3.859373E400 Q. 120251E+01
9.750000E+04 @.859373E+Q2 @.120251E401
2. 130000E+05 @.859373E+00 @.120251E+01

6-61
a3 DN
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sy

B=1.1
SPECTRAL RADIUS SPECTRAL NORM
BY HWUGHES ¥ _HUGHES
Q. 100000E+01 Q.1464998E+01
Q.938781E+00 @.144Q085E+01
?.882190E+00 ?.121983E+01
0.8415462E+00 2.1287107E+01
Q. 8564499E+00 2.107411E4+01
Q.849672E+00 Q.1107Q27E+01
Q.872694E+00 2.112737E+01
@.874221E+00 0.113701E+01
0.875727E+00 2.114578E+01
Q. 87464464E400 Q. 114972E401
?2.877188E4+00 @.115331E+01
Q.877544E+20 @.1154948E+01
Q.8777548E+20 Q. 115590E+0Q1
2.878174E+00 Q.115747E+01
@.878381E+00 @.115849E+01
Q.878450E+00 @.1158746E+0Q1
Q.878484E+00 Q.115889E+01
Q. 878504E+00 2.115897E+01
9.878532E+00 2.115907E+014
Q.878545E400 9.11S913E+01
@.878546E1+00 Q.11592@E+01
Q.878572E+00 @.115923E+01
¢.878576E+00 . 115924E+021
Q.878578E+00 Q.115925E+01
?.878581E+00 @.115926E+01
@.878582E+00 @.115927E+01
Q. 878584E+00 Q. 115927E+01
&.878585E+00 9.115928E+01
@.878585E+00 Q.115928E+01
@.878585E+00 2.115928E+01
@.878586E+00 2.115928E+01
@.878584E+00 Q.115928E+01
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NSWC TR 86-324

TABLE 6-15. (CONT.)
=12 B =1.2213

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0. 30000QE+00 2. 100000E+01 B.166321E+01 ?. 100000E4+01 0.164632E+01
2.500000E-01 Q.939618E+00 Q. 1440446E+01 Q.939794E+00 Q.144054E+01
2. 1000Q0E+00 Q.887471iE+0Q 0.121105E+01 0.888544E4+00 Q. 120934E4+01
0. 200000E+00 2.873025E+2Q @.105389E+01 @.875257E+00Q D.1050463E+01
@. 30000QE+00 @.877742E4+00Q ?. 105265E+01 ?.880281E+00 @.104882E+01
?.500000E+00 ?.883984E+00 3. 108294E+021 Q. B8844678E+0Q0Q Q. 107895E+01
Q. 750000E+20 Q.887417E+0Q0Q 0.110174E4+01 @.870195E+00 Q. 1097462E+01
0. 100002E+01 @.889120E+00 D.111061E+01 0.891924E+00Q @. 110640E4+01
@.150000E+01 2. 890782E+2Q @.1ii862E+014 B.893409E+00 ®.111432E+01
?.200000E+01 @.891590E+00@ 0.112220E+01 Q. 894428E+00 @.111785E+01
0. 300000E+01 @.872380E4+00 @.112545£4+01 Q.895227E+00 @.112106E4+01
2. 4Q0000E+01 @.892748E+00 Q. 112693E4+01 Q.895461FE+00Q @.112252E+01
Q. SO0RAJELDL Q.892997€E+00 @.14277QELOL Q. 895852E+00 @.112336E+01
9. 100000E+02 Q. 893451E4+00 @.112937E+01 0.89464310E4+02 Q.112492E+01
?.200000E+02 0.893475E4+00 2.113041iE+4+01 Q. 89465 36E+00 @.112565E+01
9. 300000E+02 Q.893749E+00 @.113035E+01 0.89464611E+00@ @.112588E+01
9. 400000E+22 9.893784E4+00Q @.113046E4+01 B.8946L4FE4+00 ?.112600E+01
Q.5Q00000E+02 9. B893808E+00 @.113053E+01 @.B96571E4+00 Q. 1124607E+01
@.750000E+02 ?.893837E+00 @.113063E+01 Q.896701E+00 D.112616E+01
Q. 100000E+03 Q.893852E+@0 2. 113067E+4+01 Q.894715E+00 2. 112621E+01
Q. 200000E+@3 2.893874E+400 @.113074E+01 9 894738E+00 Q.112627E+01
9. 300000E+03 Q.893881E+00 @.113076E+01 B.896745E4020Q Q.112630E+01
0. 400000E+03 @.873885E+00 9.113078E4+01 D.894749E+00Q 2.112631E+01
Q.500000E+03 2.893887E4+0Q 9.113078E+01 Q.8946751E+00 @.1124631E+01
Q. 7SQ000E+D3 ?.89389Q0E+00 2.113079E+01 Q.894754E+0Q @.112632E+01
9. 100000E+04 ?.893892E+00 ?.113080E+01 D.8BY46756E4+QQ Q.112633E+01
0. 200000E+04 ?.893894E+00 ?.113080E+01 Q.894675BE4+00 D.112433E+01
2. 300000E+04 Q.893895E+00Q Q.113080E+01 B.894759E+02 @.1124634E+01
9. 400000E+04 @.893895E+00 @.113981E+01 9.894759E+00 @.112634E401
2.500000E+04 Q.893895E+4+00 ?.113081E+01 @.896759F+002 Q. 1412634E+4+01
@.750000E+04 0.393896E+002 2.113081E+01 @.894750E+00 Q. 112634E+01
2. 100000E+05 Q.8938946E+00 Q.113081E+01 Q. 8967460E+00 Q.112634E+01
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TABLE 6-16. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a=-0.10, v=20, =14, £¢=0.10
f=0.784 f=0.8
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES B HUGHES BY HUGHES
2. 000000E+00 0. 100000E+01 D.164343E4+01 0. 10000GE+Q1L @.164516E+01
?.500000E-01 3. 920002E+Q0 D.144330E+01 0. 9201i45E+00 B.144284E+01
2. 100000E+00 @.812453E+00 Q. 124624E4+01 @.B813854E+00 @.124381E+01
@.200000E+00 @.732656E+00 $.119219E+01 Q. 73474 FE+00Q @.11B481E+01
Q. 300000E+00 @.713878E+0Q0 0. 1i246431E+01 @.719207E+00 Q.125447E+01
0.500000E+00 9.700330E+00Q 9.137019E+01 @.704854E+00 ®.135317E+01
?.750000E+00 Q. 693800E+00 @.142933E4+01 Q. 700945E+0@ 9.140932E+01
9. 100000E+01 Q. 4F0602E+00 3. 145841E+01 Q. L98090E+00 @.143468B7E+01
@. 150000E+01 D. LBT7446LE+QQ Q.148607E+01 @. 49527SE+00 @. 146305E+01
2. 200000E+01 Q. 4B85930E+00 B.149911E4+01 Q. 67IBTLESQS G.147536E+01
2. 300002E+01 @. 684418E+00 2.151147E+01 Q. 6925 39E+00 9.148703E+01
3. 400000E+01 Q. 6834673E+00 D.151737E+01 Q. 691870E+00 Q.149259E+4+01
2.S00000E+01 D. &BI22FE4+00 ?.152081E4+01 @. 69147 3E+00 G.1495B2E+01
2. 100000E+02 Q. 4682351E+00 ®.152745E+01 Q. 6904LBSE4QQ ®.150288E+01
2. 200000E+02 @. 468191 7E4+00 2. 1530465E+01 Q. 450295E+00 @.150509E+@1
0. 300000E+02 @. 481773E+0Q @.153170E+01 Q. 6F014646E+00 Q. 150407E+01
2. 400000E+02 Q. 681701E+00 @.153222E+01 @. 490101E+Q0Q Q. 15@4654E+01
9.500000E+02 Q. 6814S8E+00 ©.153253E+01 @. 4F0042E+Q0 Q. 1504685E+01
?. 750000E+02 Q. 681601E4+00 0. 153294E4+01 B. 65001 1E+020 B.150724E+01
0. 100000E+03 Q.481572E+00 ?.153315E4+01 0. 68998SE+QQ @.150744E+4+01
2.200000E+03 Q. 4681529E+00 @.153345E401 B. 4B9947E+Q0Q 9.150773E+401
9. 300000E+03 @.681515E+00 0. 153354E4+01 Q. £89934E+00 Q.158782E+01
9. 400000E+03 3. 481508E+00Q @.153361E4+01 Q. 689927E+0D 0.150787E+01
3. SO000B0E+D3 Q. H81i504E+QQ @.153344E+01 Q. 6BI924E+QQ ?.158790E+01
0. 750000E4+03 0. 4681498E+00 Q. 153348E+01 @. 489918E+QQ Q. 158794E+01
2. 100000E+04 Q. 681495E+00 0.153370E+01 @. 689916E+00 @.150796E+01
Q. 200000E+04 Q. 4814%1E+00 ©.153373E+01 Q. 468591 2E+00 Q. 150799E+01
Q. 300000E+04 @.481489E+00 9.153374E4+01 Q. 689911E+00 Q. 1SOBOOE+Q1
Q. 400000E+04 ?.4681489E+00 0.153375E+01 Q. 48991QE+Q0D 2. 150800E+0Q1
9.500000E+04 @.4681488E+00 @.153375E+01 Q. 489910E+QG @. 150800E+01
2.750000E+04 2. 4681488E+00 @.153375E+01 @. LBIFQFE+QQ 2.150801E4+01
@.100000E+@5 @.4LB81487E+0Q0 @.153376E+01 @. 489909E+0QQ 2.150801E+01
-t i
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TABLE 6-16. (CONT.)
p = 1.0 /3 =1.5
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM  SPECTRAL RADIUS SPECTRAL NORM §
_BY HUGHES BY HUGHES BY HUGHES ¥ _HUGHES "
t
Q. 002Q00E+20 ?. 100000E+01 @.147151E+01 0. 100000E+01 @.177154E+01
©.500000E-021 @.522141E+00 @. 144045E+01 0. 9264802E+00 @. 1454655E+01
2. 100000E+00 0. 829905E+00 ©.121B95E+01 Q. 2404632E400 0. .118470E+01 h
. 200000E+@0 @.778933E+00 @ i11351E+01 . 843035E+00 0. 102748E+01
@. 300000E+00 . 772420E+00 ®.114474E+01 Q. 8445Q7E+00 Q. 103194E+01
0.500000E+020 @. 749728E+00 0. 120094E+01 ®.851080E+00 @ 1D4503E+01 .
. 750820E+00 ®.768798E+00 @.123320E+01 ©.853511E+00 . 10840B8E+01
0. 100000E+01 @.768377E+00 Q. 124874E+01 @ 854491E+0Q0Q 0.105287E+01 ,
. i50000E+01 0.7647967E+00 @.126228E+081 @. 855822E+0@ ? 11@0Q75E+01 .
2. 200800E+01 @. 767744E4Q0Q @.126999E+01 @ 854344E+00 2. 110425E+01 R
0. 3000C0E+01 @.767541E+00 Q. 127625E+01 @. 85 488BE+00 Q@ 110743E+01
. 400000E+01 0.747459E400 Q. 127920E+01 ©.E57143E+00 @ 11Q888E+d1 L
| ?.500000E+01 0.767397E4+00 0. 128090E+01 @.857294E+00 2. 110971E+014
| 0. 100200E+02 @.747274E4+00 Q.128414E401 @.857589E+20 0. 111126E+014
‘ 0. 200000E+02 0.747212E400 Q.128572E+01 0. 857734E400 ®. 111198BE+0@4
Q. 300000E+02 ©.767192E+00 0.1284623E+01 ©.857782E+00 Q. 111221E+01
\ @. 400000E+02 @.767181E4+00 Q. 12864BE+01 @. 857804E+0Q 0. 111233E+01 h
0. 500000E+02 Q.767175E+00Q @.1286463E+01 @. 85 7B20E+00 0.111240E+01 )
‘ 2. 750000E+02 0.74674467E4+00 @.128683E+01 @.85783%E+00 Q. 111249E+01 K
| 0. 100000E+03 ©.7467143E4+00 Q. 1284692E+01 . B5784BE+00 @ 111253E+014 R
| Q. 200000E+®3 Q.747157E4+00 @.128707E+01 @.B857843E+00 . 111240E+01 ]
0. 302000E+03 @.767155E+00 9.128712E+01 @.B857847E+QQ @.i112462E+01 '
Q. 400000E+03 @.767154E+Q0 @.128715E404 .B57870E+0Q 9.111263E401
2.500000E+03 0.7467153E+00 @.128714E401 @.B857871E+00 2.111264E+01
: ©.750000E+03 @.7467152E+00 0.128718E+01 @.B57873E+00 @ 111265E+Q1 \
0. 100000E+04 @.767152E+00 9. 128719E+01 0.B57874E400 0. 111265E+01
: 0. 200C00E+04 ®.767151E+00 ©.i28721E+01 @.857875E+00 0. 111264E4+01 v
| 0. 300000E+024 @.7467451E+00 @.128721E401 @.857874LE4Q0Q Q. 111244E+01 "
: 0. 400000E+04 ®.7467151E+00 @.128721E+01 @. 85787 4LE+0Q0Q 0. 111264E+Q@1
0. 500Q00E+04 @.7474S1iE+00 0. 128721E+21 ®.B857B74LE+00 Q. 1112464E401
0. 750000E+04 @.747151E+00 @.128722E+081 @.857876E+00 @ 111264E+01
0. 100000E+05 @.7467451E+00 @.128722E+01 ©.857877E+@0 0. 111247E401
\ L}
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TABLE 6-16.  (CONT.)

B =20 B =2.1104
DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES B'Y HUGHES B HUGHES EY HUGHES
. 000000E+DR 3. i00Q3RE+BL @.19175SBE+01 Q. 1Q000QQE+Q1 @ 15CG4A5E+Q1
| 0.500000E-01 2. 930991E+00 Q. 149606E+Q1 D 9318L1E+00 Q@ 150732E+0Q1
; 2. 100000E+00 @.882421E400 Q. 117104E+01 Q@ EBAZFA4E4+QQ @ 114971E+Q1
| Q. 200000E+00 2.879012E+002 @ 1RCR17E+Q1 @ EE4715E+Q0O 2 100111E+@1
| @. 300000E+00 Q. 8B4F44E+Q0D @.103418E+01 @ 891053E+00 Q@ 1Q445EE+01
| ?.5000@2E+00 2. 890742E+00Q Q. 108322E+01 @. E94B92E+00 ® 1d¢7SEBE+QL
2. 750000E+00Q Q. B73ILZLEHDD Q.110487E+01 Q EFY77BE+QD @ 111935E+01
0. 100000E+01 Q. B95Q0Q09E+QQ @.111413E+01 Q. 9D11&£1E+QQ @ 11Z860E+01
2. 150CG00E+014 Q. 594335E+00 Q. 112212E+01 Q SQZ43LE+RQ Q@ 113&656E+01
2. 200003E+01 Q. EFLI72E+DD @.11255%E+@1 0 F0z1zZE+QQ Q 114001E+01
2. 300000E+01 Q. BF7590E+0Q0 Q.1128468E+01 Q. 902741E+20 Q 114Z05E+014
3. 400000E+01 Q. 697891iE+4+00 Q. 1i1200E+Q1 Q@ SD4Q4AZE+RQ @ 114447E+Q1
3. SO0000E+01 Q. B9B8070E+Q0 Q. 113088E+01 @ F04z22E+0D Q 114S2BE+01
2. 100000E+02 Q. B98421E+00 @.112236E+01 Q FQ4E7ZE+QQ @ 1144676E+01
Q. 200CRRE+0QZ @. B898593E+0Q00 Q. 113304E+0Q1 Q. F0474LE+QQ @ 11474SE+21
Q. 300000E+02 Q. BIRLEOESQG 2.112326E+01 @ Y04BQ4E+QQ Q@ 114767E+Q1
2. 400003E+02 Q. 89B47FE+00 S.113337E+01 Q. 504632E+20Q Q 114777E+Q14
?.500000E+02 2. 8YB6VHE+QD @.113244E4061 @ YD4E4SE+QQ Q@ 1147R4E+Q0
0. 750000E+02 B.CG98719E4+00 B.113352E4+01 Q. 504B87cE+QQ @ 114762E+91
Q. 100000E+03 0. 898730E+00 ©.1123357E+01 @ FQ4BRIE+RQ @ 1147ST7E+DL
Q. 200000E+03 @.E98747E+00Q @.113363E+01 Q. F045Q1E+0QQ2 Q@ 1148O3E+D
2. 300000E+03 @. 89875 3E+00@ @.113365E+01 @ FR4TQLE+QQ @ 114E0SE+01
Q. 400000E+03 2.898755E4+00 Q. i13366E+01 Q.30450%E+00 Q 114806 +01
9. 500000E+03 @. 89875 7E+00 @.113347E+01 Q. 70451i1E+QQ Q@ 114EQR7E+Q1
2. 750000E+03 @.898759E+00 @.113548E+01 Q. 504513E+00 D 1148Q8E+Q1
Q. 100000E+04 Q. BYB76iE+BD Q. 1123468E+4+01 @ SQ4514E4202 O 114EQ0BE+Q!
2. 200000E+04 ?.89B762E4+00 @.11336E+01 Q. TA4516E+02 R 114EQTE+Q
2. 300000E+04 Q. 8987463E+00 @.113369E+01 Q. 9047146E+20 @ 114EQSE+Q:
Q. 400000E+04 Q. 898743E+00 D.113369E+01 Q. 904F17E+QQ Q 114EQQE+Q:
2.500000E+04 @.E9B743E+00Q @.113369E+01 0. 90451 7E4+0Q Q 1145Q9E+@:
3. 7500Q0E+04 Q. 8Y8743E+0Q @.113349E+014 Q. 50491 7E+20Q D 1148QSE @
Q. 100000E+05 Q. 898B74L4E4+00 @ . 113369E4+01 Q. F04717E+QQ @ 114BQFE
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TABLE 8-17.

DELTAT/PERIOD

NSWC TR 86-324

SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a = -0.2, y=13, =11, £ =0.1

=40

00000E +00
SO0800E -01
100890E + 00
200000E+00
300000E +00
S00000E +00
75 0009E+00
100000E +01
150090€+01
200000£+01
300000£+0:
40000FE+0!
SOOOROE +@1
100000E +02
200000E+02
INN000E +82
S0000BE+02
S 00006E +02
7S0008E +82
1008008E+03
200000£+03
I00000E+03
400080E+03
S00000E+03
TSO0RGE+S)
100000E+04
200000€+04
JI0N000E+04
A00000E +04
SO000CE+04
750000E +04
100000E +05

p = 3.46867
SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS
BV HUGHES B HUGHES BrY_ HUGHES
1090000E+01 @ 305001E+01 2. 120000E+01
956794E+00 0 225646E+01 @ 958327E+00
9246431E+00 @ 1456469E+01 D 932294E+00
708402€+00 @ 1174463E+01 @ F1842TE+00
905191E+09 @ 1214S1E+01 Q@ 914BOCE+@O
9049238E+00 0 126800E+01 @ S17235E+00Q
905 7S 9E+00 ? 129422E+01 @ 91B8195E+Q0
906425F +00 @ 130596E+01 9 918871E+020Q
997263E+00 @ 131636E+01 @ . 519478BE+Q20
90774 7E+0Q d 132Q98E+01 Q. 520130E+00
9@8274E+00 @ 133S146E+01 @ 92061SE+00
908SS4E+0Q Q 1327@8E+01 Q@ F20849E+00
908727€E+00 @ 132817E+01 @ 921026E+00
927QBLE+O0Q @ 133023E+01 @ 921347E+00
I@9248E+00 9. 133120€E+01 ®.921513E+00
909330€+00 Q@ 133151E+01 Q@ 9215S6BE+0Q
909 3s2E+00 ? 133166E+01 Q. 9215946E+00
999380E+00 @ 133176E+01 @ F214613E+00
FOI4QLE+DD 9 133188E+01 @ 921435E+00
09418E+00 @ 133194E+01 D . F21647E+QQ
F89437E+0d @ 133203E+01 @ F21664E+00
I09444E+20 ® 133206E+01 @ 921646FE+Q0
909447E+20 @ 133207E+01 Q. 9214672E+00Q
F09449E+29 ® 133208E+01 @ 9214674E+00
F09451E+20 @ 133209E+01 Q. 921676E+00
909452€+20 @ 133210E+01 Q. 921677E+00
F09454E+0Q @ 133211E+01 Q. 9214679E+00
FO9455E+00 @ 133211E+01 Q. 9214679E+00
FQT4SSE+QO 9 133211E+01 @ F214BOE+QQ
F09455€E+00 @ 133211E+01 Q. 9214680E+00
F894546E4+00 @ 133212E+01 @ 9214680E+00
2945 6E+00 ® 133212€E+01 Q. S214BQE+00

SPECTRAL NORM
B HUGHES

0555060656599 06055600060800606608868

. 347377E+01
.24B843E+01

155872E+01

.122339E+01
. 125 320E+01
.1289971€E+4+01
.132302E+01
.133354E+012
.134290E+01
.134707E+01
. 135084E+01
.135261E+014
.135341E+01
.13554%E+@1
.1354637E+01
.135664E+01
. 135480E+01
.135488E+01
.1354699E+01
.135705E+01
.13S713E+01
.1357146E+01
.135717E+01
.135718E+01
.135719E+014
.135720E+01
.1358721E+01
.135721E+01
.135721E+01
.135721E+01
.135721E+01

135721E+01




DELTAT/PERIOD

. 200QRAE+QQ
.500000E-01
. 100000E+20
. CO00RQE+00
. 300000E+00
. 500000E+00
. 750000E+00
.100000E+01L
.150000E+01
. 200000E+Q1
. 300000E+01
. 400000E+01L
.500020E+01
. 1000@2E+02
. 200000E+02
. 300000E+02
. 400000E+02
.500000E+02
. 750000E+02
. 100000E+03
2000Q0E+03
. 300000E+03
. 400000E+03
S0Q020E+03
. 750000E+03
. 100000E+04
. 200000E+04
. 300000E1+04
. 400000E+04
.S00000E+04
. 750000E+04
. 100000E+05

8880&889990898888880988888889888

NSWC TR 86-324

TABLE 6-17. (CONT.)

=50

SPECTRAL RADIUS
BY HUGHES

- 100000E+01
. 9605 28E+00
. 740859E+00
. 932727E+00
. 932358E+00
.933417E+4+00
- 934449E400
. 935092E+00
.935821E+00
.934217E4+00
.936434E+00
. 934850E+00
. 934583E+00
. 937252E+00
. 937390E4+00
. 937434E+00
. 937460E+00
.F37474E4+00
. 937492E+00
. 937501E+00
.937515E+00
. 937520E+00
. 937522E+00
. 937524E4+00
. 937S24E+00
.937527E+00
. 937528E400
. 937529E+00
.937529E+00
. F3I7S2FE+00
. 937529E+00
. 937529E+00

6~67

SPECTRAL NORM
B¢ HUGHES

S 598096966560560858606668668086068688

WL O R R LT e Pt W Rt b oo, 1N N,

. 430440E+01
. 290926E+01
.171652E+01
.129750E+01
. 131174E+018
.134850E+01
. 134792E4+01
.137681E+01
.138479E+01
.138837E+01
.139163E+01
.1393214E+01L
. 13%401E+01
.139544E+401
.139641E+014
.139464646E+401
. 1394679E+01
. 139686E+01
. 1394696E+01
. 139700E+01
.139708E+01
.139710QE+01
. 139711E+014
.139712E+01
. 139713E+01
.139713E+01
.139714E+014
.139714E4+01
.139715E+01
.13971SE+01
.139715E+01
.139715E+01

e DY TN



TABLE 6-18.

DELTAT/PERIOD

NSWC TR 86-324

SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a=-0.2, Y=15, 6 =11, £ =0.1

B =1.184121

B=15

SPECTRAL RADIUS

. B0R000E+20
.500000E-01
. 100000E+00
. 200000E+00
. 300000E+20
.500000E+00
. 7S00Q0E+00
.100000E+01
. 150000E+Q1
. 200000E+01
. 300000E+01
. 400000E+01
.500000E+01
. 100@00E+02
. 200090E+02
. 300000E+02
. 400000E+02
.S00000E+02
. 750000E+02
10000QE+Q3
. 200000E+03
. 300000E+03
. 43Q000E+03
.S00000E+03
. 750900E+03
.100200E+04
. 200000E+04
. 320000E+04
. 400000E+04
.500000E+04
. 7SQ00QE+04
. 1000J0E+05

0S8 66860666868660608685866868568086896888686868686

.100000E+01
. 94Q334E+00
. 85851 3E+00
. 743557E+@0
.6974616E+00
. &T72B40E+00
.665107E+00
.663144E+00
. 662163E4+00
. 662033E+00
.6462141E4+00
. 662283E+00
. 662396E4+00
. 662685E400
. 6462841E+00Q
. 662925E+00
. 662957E+0Q0Q
. 642977E4+0Q
. 6463004E4+00
.663017E400
. 663038E+00
. 663045E+00
. 663048E+00
. 653050E+00
. 46305 3E+00
. 663054E+00
. 6430546E4+20
. 6463057E+20
.643057E+00
. 663058E4+00
. 663058E+00
. 643058E4Q0

BY HUGHES

SPECTRAL NORM

—BY HUGHES

0866860660505 0600068660860686666886806

.174347E+01
.149165E+401
.118355E+01
.10939iE+01
.1246341E401
.1464606E+01
. 1546896E+01
.161587E401
.1457468BE+01
L 147619E+04
.149287E+01
.170047E+01
.170479E+01
.171284E401
. 1714657E401
L174777E401
.171836E+01
. 171871E+401
.171918E+01
.171941E+01
.171976E+01
.171987E+01
L171993E4+01
. 171996E+401
.172001iE4+01
.172003E+01
.172007E+01
.172008E+01
.172008E+01
.172009E+01
.172009E+01
.172009E+01

SPECTRAL RADIUS

8898560805898 5596088888

. 100000E+021
. 942044E+00
. 870082E+00
. 781720E+00
.747307E+00
. 725995E+00
.719377E4+00
.717338E+00
.716217E400
. 7146014E400
. 71460Q54E+00
. 7161 646E400
.716263E1+00
. 716525E+00
. 7144689E4+00
. 716749E+400Q
. 716779E+00
. 7146798E+00
. 714824E400
.7146834E+00
. 714B54E+00
.71468462E+00
.715B8464E400
. 714868BE+00
.714870E+00
. 714872E+00
.714874E400
. 7146874E400
. 714875E4+00
. 7146875E+00
.7146875E+00
. 7146875E+00

SPECTRAL NORM
B HUGHES

SS9 8080888999088 6888866

.186430E+01
.155489E+01
.118506E+01
.102515E+01
.113976E+01
.12746746E+01
.134401E+01
.137407E+01
.140048E+01
.141204E+01
.142238E+014
. 142705E+01
. 142970E+01
.143461E401
.143488E+01
.143761E+021
.143796E+01
.143818E+014
.143B44E+0L
.143840E+01
.143881E+01L
. 14388BE+01
.1438v1E+04
.143893E+01
. 1438946E+01
.143897E+014
.143899E+01
. 143900E+01
.143900E+014
.143901E+04
.1439901E+4014
.1439Q01E+01




NSWC TR 86-324

p=3.0

TABLE 6-18. (CONT.)
B =20

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES B'¢ HUGHES
2. 00000QE+00 2. 100000E+01 Q. 209988E+01
2.500000E-01 Q. 944270E+00 Q. 168768BE+01
Q. 100000E+00 3. 88339BE+00 Q.122248E+01
2. 2C0000E+00 Q. BR2OL37E+0O Q. 1015465E+01
2. 300000E+00 Q.799119E+0Q Q. 10991 6E+0D1
2. 50000RE+00 Q.7844650E+020 @.119751E+01
9. 750002E+00 @.783151E+0Q D.124440E+01
2. 120000E+01 Q. 782254E+00 . 126541E401
Q.150000E+01 Q.781974E4+00 2.128358E+01
2. 200000E+01 ©.782074E+00 9. 1291i51E+01
9. 300000E+01 @.782339E+00 Q. 12985FE+01
3. 420000E+01 9.782533E+00 0.130179E+01
9.500000E+01 Q. 7824L70E+00 @.130360E+01
2. 10000@E+02 Q. 782988E+00Q Q. 130697E+01
2. 200000E+02 Q.783170E+00 9. 130852E+01
9. 300800E+02 @.7B83234E+00 0. 130901E+01
Q. 400000E+02 @.783267E+00 0. 130924E+01
Q.500000E+02 Q.7832B4E+Q0 2. 130941E+01
9. 750000E+02 @.783313E+00 9. 130960E+01
0. 100000E+03 D.783326E+00 Q. 1309469E+01
0. 200000E+03 0.783347E+00 @. 130984E+01
0. 300000E+03 D.783353E+00 9. 130989E+01
Q. 40000QE+03 @.783357E+00 9. 130991E+01
0.500000E4+03 @.783359E+00 Q.130992E+01
Q. 750000E+03 0.783342E4+00 Q. 1309F4E+01
0. 100000E+04 @.7833463E+00 2. 130995E+01
0. 200000E+04 @.783365E4+00 @.138997E+01
9. 300000E+04 Q.7833L6E4+00 0. 130997E+01
9. 400000E+04 Q. 7833466E+00 Q. 130997E+01
9.500000E+04 @.7833646E+00 Q.130997E+01
@. 750000E+04 @.783364E4+00 2. 130998E+014
Q. 100000E+05 Q.78B3367E+00 0.130998E+01

SPECTRAL RADIUS

0899099986890 89S9S688S08008880888866

e HES

. 120000E+01
. 94824 46E4+00
.FQ3244E+00Q
. B&B520OE+0Q0Q
.B59392E+0@
.B58317E+00
.B547467E+R0
.B54915E+00
.B55359E+00
.BESHT4E+Q0Q
.8546105E+00
.BS&6340E+00
.B54489E+00
. BE4B0FE+Q0
.B54697FE4+00
.BS7@ZRE+QQ
.B57047E+00
.BS7Q85E+Q@
.B57109E+00
.857121E+00
.BET139E+Q0Q
.B57145E+00
.857148E+00@
.B5714FE+00
.857152E+00
. 85715 3E+00
.B57155E+Q0Q
.857155E+00
.8571546E+00
.BET7154E+Q0
.B57154E+00
.B571546E+Q0

SPECTRAL NORM
B/ HUGHES

S80S9 S968E6995000G6089899855686899906

.273543E+012
.2B546467E+QY
. 13646BSE+0QL
. 18984 LE401
.115355E+01
.122081E+01
.125297E+01
.126720E+01
. 127970E+01
.128519E+01
. 12901 3E+01
.1289239E+01
.12936T7E+0L
.1296Q6E+01
.129717E+401
.129753E+01
. 129771E+01
.129781E+01
. 129795E+01
.129802E+01
.129813E+01
. 12981 6E+01
.129818E+01
. 12981 9E+01
.129820E+01
.129821E+01
.129822E+01
.i29822E+01
.129823E+01
.129823E+01
. 129823E+01
.129823E+01




DELTAT/PERIOD

NSWC TR 88-324

(CONT.)

p=5.0

. 0000QARE+00Q
.500000E-01
. 100000E+00
. 200000E+00
. 300000E+00
.500000E+00
. 7S0BABE+0Q
. 100000E+01
.150000E+01
. 200000E+01

300008E+01

. 400RQ0E+01
.500000E+01
. 100000E+02
. CO000RE+R2
. 300000E+02
. 40000QE+02
.500000E+02
. 750000E+02
. 100000E+03
. 200000E+03
. 30000RE+03
. 400000E+03
.500000E+03
. 750000E+@3
. 100800E+04
. 200000E+04
. 300000E+04
. 400000E+04
.500000E+04
. 750000E+04
. 100000QE+0S

TABLE 6-18.
p =40

SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES  ___ BY WUGHES

9. 100000E+01 9. 350080€E+01
Q.951692E+00 9.247579E+01
Q9.917359E+00 @.15354BE+014
9. 8943B5E+00 9. 119207E+01
@.B89214%E+00 @ 122708E+014
9. 890989E+00 @ 127857E+01
. 891327E+00 0. 130395E+01
?.891744E4+00 0. 131S31E+01
9.892331E+00 D.132536E+014
Q. 892688E+00 9. 132981E+01
Q. 893089E+00 @. 133385E+01
@. 893305E+00 @.133570E+01
9. 893440E+00 @.133675E+01
@.893721E+00 @.133874E+01
@.893867E+00 Q. 133967E+014
2.893917E+00 @.133997E+01
0. 893941E+00 @.134011E+014
9.893957E+00 Q. 134020E+01
@.893977E+00 Q. 134032E+014
9.893987E+00 Q. 134038E+014
0. 894002E+00 @. 134046E+01
2. 894007E+00 Q. 134049E+014
Q. 894009E+00 @. 134051E4+01
9. 894011E+00 Q. 134052E+01
Q. 89401 3E4+00 9. 134053E+01
Q. 894014E4+00 9.134053E+014
Q.894015E+00 Q. 134054E+01
Q. B94016E+00 Q. 134054E+01
9. 8940146E+00 0. 134055E+01
Q. B940146E4+00 0. 13405SE+014
9. 894017E4+00 9. 134955E+01
0. 894017E+00 9. 134055E+01

6-70

SPECTRAL RADIUS
BY HUGHES

e A N e e o]

.100000E+01
.954707E+00
.927873E+00
. 9145 34E+00
. 912575SE+00
.9124612E+00
. 913250E+00@
.913731E+00
. 914322E4+00
. 914 458E4+00
. 915022E+00
.915214E+00
.915333E+00
.915577E+00@
.91S703E+00
. 915745E+00
.915767E+00
. 915780E+00
.915797E+20
. 915805E+00
. 91581 8E+0Q
. 915823E+00
.915825E+00
. 915826E+00
.915828E+20
. 915829E+20
.915830E+22
.915830E+00
.915830E+00
.915€31E+00
.915831E+00
.915831E+00

SPECTRAL NORM
——BY HUGHES

9988895968098 5860680688G60938G68S805566686S

.4324670E401
.288727E+01
. 168899E+01
.1246742E+01
. 1286646E+01
.132773E+01
. 134890E+01
.135850E+01
.136707E+01
.137089E+01
.137436E+01
. 1375946E+01
.1374688BE+01
.137840E+01
.137%41E+01
.137467E+01
.137780E+01
.137988E+01
.137998E+01
. 138003E+01
.138011E+01
.1368014E+01
. 13801SE+01
. 138016E+01
.138017E+01
.138017E+01
.136018E+01
.138018E+01
.138018E+01
.138018E+21
.138018E+01
.138018E+01




TABLE 8-19.

DELTAT/PERIOD

NSWC TR 86-324

p = 0.862687

g=09

SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a=-0.2, 7 = 2.0, 6=11, £=01

SPECTRAL RADIUS

B HUGHES

0. 0000NRE R
Q. 500600E-01
0. 100000E+80
0. 200000E+00
0. 300000E+00
@ S00000E+00
2. 750000E+00
0. 100000E+081
2. 150000E+01
?. 200000E+01
9. 300000E+81
0. 400000E+D1
Q. SQ0AAIE+E!L
0. 100000E+02
0. 200000E+82
Q.
]
]
o
L]
o
]
o
e
o
e
o
o
]
]
e
o

300000E+02

. 400000E +82
.5 00000E+02
. 750000E+@2
. 100000E +@3
. 200000E+03
. 300000E+03
. 4000Q0E+03
.SQ0000E+03
. 750000E+03

100006E +R4
200000E+04
30000Q0E+04
400000E+04
500000E+04
750000E +04
100000E+05

RO IR A N et N LA

. 100000E+01
. 918012E+00
. 771430E+00

584356E+00

.585284E+00
. 601402E+00
. 611370E+@0
. &5146318BE+00
. 621030E+00
. 423247E+00
. 525 34A5E+00
. H24344E+00
. b26F26E+00
. 62B804BE+00
. 4285B87E+00
. 428743E400
. 628851E+00
. 628903E+00
. b2B972E+00
. 429007E+00
. 4290SFE+00
. 42987 LE+DO
. 629085E+00
. L270F0E+0Q
. b29097E+0Q
. 429100E+00
. b29105E+00
. b429107E+00
. 629108E+00
. 627108BE+00Q
. 629109E+00
. 6291B9E+00

SPECTRAL NORM
BY HUGHES

.176811E+01
.149118E4014
. 119548E+01
. 134542E+01
1720467E+01
. 213508E+01
. 236238E+01
. 247297E+01
.257734E+04
. 262611E+01
. 267202E+01

269377E+01

. 2704640E+O1

2730646E+01

.274227E401
. 27456046E+01
.274794E+01
. 2T749046E+01
.275054E+01
.275130E+01
.275241E+01
.27527BE+03
.275277E+01
.275308E+01
. 275 323E+014
.275330E+01
.275341E+01
.27S345E4+01

275347E+01

.275348BE+01
. 275349E+01
. 275350E+01

SPECTRAL RADIUS
B HUGHES

100000E+01
9182468E+00
7738246E+00
58541 2E+00
§83305E+Q20

.5972S4E+0D

s06164E+00
610608E+00
6£14847E400
516847E+00

.618738E+00
. 619£39E+00

6201464E+00
$21176E+00
£21663E+00

o
e
]
o
"]
'
'
2
2
]
e
?
?
]
o
0. 621823E+00
Q.
("]
]
[
[
']
e
?
]
[
o
]
]
']
[}
Q

s21902E+20
£21947E+00

52201 2E4+00
. b2c043ELOQ
. 622090E+00Q

62210Q5E+00
622113E+00
422118E+00

. &482124E+00

s22127E+00

. 622132E+00

&22133E+00

. 6221 34E400

6221 35E+00

. 622135E400

6221 34E+00

SPECTRAL NORM
By SHES

08999888088809999088009088808889

177921E4+01
149625E+01
119169E+01
133462E+01
15645982E+014
205 7F4E+Q1
224895E+401
237107E+214
Z246708E+01
25118@E+d1
255 3681E+014
257367E+014
258520E+01
26Q731E+01
261788E+01
262133E+01
262304E+401

. 2624QTE 41

262542E+01

. 262610E+401

262711E+01
262745E+01
262751E+01

. 262772E+04

262785E+0!1

.262792E+01
.262802E+01

262805E+01

. 262807E+401
. 262808E+01

262BOYE+D1

. 262810E+01
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DELTAT/PERIOD

NSWC TR 86-324

1.5

. DO00ARE+0Q
.500000E~-01
. 100000E+00
. 200000E+00
. 30000@E+00
.500000E+0Q
. 750000E+00
. 190000E+01
.1500Q00E+01
. 200000E+01L
. 300000E+01

400000E+01

.500200E+01L

1800008E+0@2

. 20000Q0E+02
. 300000E+02
. 400000E+02
. 500000E+02
. 750000E+02

100000E+03

. 2O00B0E+03

300000E+03

. 400QQ0E+03
.5 00000E+Q3
. 750000E+03
. 100000E+04
. 200000E+24
. 300000E+04
. 400000E+04
.SQQ00PE+04
. 750000E+04
. 100000E+05

TABLE 6-19. (CONT.)
=10 B=
SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS
BY HUGHES — BV HUGHES *_HUGHES
. 100000E+0P1L Q. 181050E+01 2. 100000E+01
. 9189SQOE+00Q 2.151120E+401 Q. 922198BE+020
. 78001 2E+00 Q. 118474E+01 Q. BOL490E+QQ
. S89784E+00Q 0.126216E+01 B L41739E4+00
.579531E+00 9. 155102E+01 @.595032E+00
.588103E+00 Q. 18BR24E+0O1 @.579702E+00
.594522E+00 Q. 205554E+401 @.STLI72E+RQ
.597808E+00 @. 213928E+01 @ S746400E+00
. 600978E+00 Q.221727E+01 @ S74H231E4+QQ
. 60248B1E+00 @.225333E+01 ®.576275E+Q0Q
. 6Q3912E+00 ?.228701E+01 @ 574394E+20
. bQASSLE+OO 9. 2302B4E+01 @ .S57447FE400Q
. 604995E4+00 0.231204E+01 @ 574539E+00
. 6OSTLT7E+OQ Q.2329460E+01 Q.5764675E+0Q
. 606139E+00 @.233797E401 @.574754E+0@
. bQL2H1E+OD Q. 234065E+01 D.576778E+00Q
. 606322E+00 Q. 234204E+01 0.574792E+00@
. 6046358BE+02 @.23428B5E+01 0. 574800E+0QQ
. bRLAQLE+DD 9. 234392E+01 9. .574811E+00
. 606430E+00 Q. 234444E4+01 ®.S746817E+Q0
. 6DLALLEHRD @. 234525E+01 @.5748B25E+00
. 6Q647BE+00 ©. 234552E+01 Q. 574682BE+Q0
. 6064B4E+DQ 9. 234565E+401 0. 574829E+00
. 60648BE+00 @. 234573E+01 @ 574830E+0Q
. QL4 3E+OD @ 234584E+01 Q. 574831E4+00
. 6Q6495E4+00 Q. 234589E+01 @ 5764832E+00
 LBH4AFFE+00 Q. 234597E+01 @.574833E+00
. LBLSQDEFOD @. 2344600E+01 @.574833E+00
. 6BL500E4+00 @. 234401E+01 @ S574833E+00
. 6OLS5O1E+00 Q. 2344602E4+01 @.574833E+00
D65 BLE+RO Q. 234603E401 @ S746833E+00
. 4QL501E+00 0. 234403E+01 Q. .576E33E+00

6-72

OO I A0 I o PP NN N N 2 A L RS LGRS RG G A8 A, LY

SPECTRAL NORM

BY HUGHES

9856680686695 50806856056888680853086

. CO0O0ROE +01
.161093E+01
.117110E+08
.1@6291E+01
.121915E+@1
.139558E+01
.148355E+01
.152375E+01
.155995%E+01
.187620E+01
. 159105E+01
.159791E+01
.14601B4E+01
. 16@926E+01
.161274E+01
.161387E+01
16144 3E401
. 161476E401
.161520E+01
.161542E+401
.1&1875E+01
.16158B6E+01
.161591E+01
.161594E+401
.161599E+01
.161401E+401
. 161604E+01
.161605E+01
.1616Q06E+01
.161604E+01
.161606E+01
. 1614607E+01

<
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—
-

Y2 N

e - W w o w

vaLy



DELTAT/PERIOD

. 200000E+00
.50000RE-01
. 100002E+20
. 200000E+020Q
. 300000E+0Q0Q
.5 00000E+00
. 750000E+00
. 100000E+01
.15000QE+01
. 200000E+01
. 3000@0E+01
. 400000E+01
. 50000QE+21
.100800E+02
. 200J0RE+R2
. 3000002E+02
. 400000E+02
.500000E+0Q2
. 7500Q0E+02
. 100000E+03
. 200000E+023
. 300000E+023
. 400000E+03
.S0000RE+Q3
. 750000E+03
. 1020Q0E+04
. 20000RE+04
. 300000E+04
. 4000002E+04
.500020E+04
. 750000E+04
. 120000E+05

TABLE 6-19.
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(CONT.)
B =20

SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

. 100000E+01 @.224255E+01
. 725194E400 Q.174475E+01%1
.B27257E+00 0.123038BE+01
.704128BE+00 2.101307E+01
. 459295E+00 @.111583E+014
.631204E+00 Q.123632E+01
. 6221F1E+00 @.129458E+01
. 61902FE+00 2. 132040E+01
.6146753E+00 Q. 134358E+61
. 61594 3E400 @.135372E+01
. 615349E+00 Q. 1346286E401
.415134E+00 Q.1346703E+01
.615@30E+00 @.136940E+014
.&£14880E+00 0.1373B4E+01
.614834E400 Q.137591E+04
.614823E+00 @.1374658E4+01
.614819E4+00 2.1374690E+01
.6148146E4+00 @.137710E+014
.614813E4+00 @.137736E+01
. 61481 2E+00 @.137749E+01¢
. 41481 0E+00 @.137768E+01
.614809E+00 B.137774E+01
.614B09E+00 @.137777E+01
.514809E+20 @.137779E+61
.614B80BE+00 @.137782E4+01
.£14B808BE+00 Q.137783E+01
. &14808E+00 @.137785E+01
.&14B80BE+00 @.137784E+01
. 414BOBE+0Q @.137784E+01
.£14B08E+00 Q. 137786E+01
.414808E+00 @.137786E+01
. 614808E+00 @.137787E+01

2595860080900/ 89
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NOMENCLATURE

Norm of amplification matrix
Amplification matrix
element (i,j) of amplification matrix A

Defined differently for Newmark 8 and Wilson 4 methods

4n2 2
For Newmark 8 B = P 35
[1+4my 5 p+4n “3p~]
2 2
For Wilson © B = 2“; P T3
[56+412m69 “p+br "8~ p“]
4 2.2
For Hughes B = TP

8[1+4ﬂye5p+4v2(l+u)992pzl
Damping coefficient of SDOF (Lbf - sec/in)

Damping matrix, usually taken as a linear combination of M and
matrices (Rayleigh damping) (Lbf - sec/in)

(&

Decoupled force component (i.e., force of SDOF) (Lbf)
External force vector, dependent on time (Lbf)
Stiffness of SDOF (Lbf/in)

Stiffness matrix (symmetric and positive semidefinite (Lbf/in)

Mass of single degree of freedom system (SDOF) —1In

-'-’- '4"-""("' .' AT W RS R p-’pn - -’v

S e
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NOMENCLATURE (Continued)
M = Mass matrix (symmetric and positive definite, assuming that if

there are degrees of freedom without mass, they have been
condensed out)

(Lbf lecz)
in
n = Integer indicating time step nit
- it
P T
2-
T = Period of vibration (sec) (= —)
At = Time step during integration process (sec)
Xn = State vector defined by X, = ['tzin, tXp, xn]T

X, Xn, % = Displacement (in), velocity (in/sec), and acceleration
ns Xa» Xp
of SDOF (in/sec?)

1 = Parameter in :-method

2 = Parameter of approximating displacements in Newmark-: method
and Hilber-Hughes methods

¥ = Parameter approximating velocities in both Newmark - and
Hilber-Hughes methods

#8in
~

£ = Modal damping parameter for an uncoupled system (27 . =

k}

. 4 = Parameter of approximating accelerations {n Wilson - and
Dy, Hilber-Hughes methods. Also equilibrium equations are

t satisfied at point n+-.

" . = As defined by . = %{B

n ‘n» ‘ny ‘n = On Tables, displacement (in) ( ), velocities (in/gev)
(7y) and acceleration of SDOF (in/sec<) t( o}

N = Frequency of vibration (rad/sec) of uncoupled system (SDOF)

2"
( T_)

"
‘l
1
b
L]
)
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APPENDIX A

STABILITY ANALYSIS OF THE
MODIFIED HILBER-HUGHES METHOD

A-1/A-2
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In this section we perform an analysis of the stability characteristics of
the modified a-method with collocation. To this end we consider the uncoupled
equations of motion of a linear system. They will be satisfied at a collocation
point nt+6:

M .J.Kn+e + C in+e + (1+G.)K Xn+g ~ oK Xp = Fn+6 (A‘l)
where
in.'.e = (l-e)in + 6 in.'.l (A-2)
l.(n.,,e = l.(n + eAt[(l-Y)itl+Yin+9] (A-3)
N . 20 e )
X 4o - X, teatx + a(oat) [(1 B) xn+an+6] (A-4)

Replace Equation (A-2) in Equation (A-3) to obtain the velocity
Xntg = Kn + (1-v8)0At ¥y + vO2At Jpnyp (A-5)
Replace Equation (A-2) in Equation (A-4) to obtain

. 2 2 3 2
- . . .
X x + oAtk + (}-80) 67 AL X + 8o at” ¥

n+9 (A-6)

n+l

Substituting Equations (A-2), (A-5), and (A-6) for the acceleration,
velocity, and displacement at the collocation point n+6 in terms of all the
historical variables x,, X,, %, and the acceleration at the next time step
n+l, and making the substitutions

2 K )
TN (A-7)
206 = (4-8)
and
22,02 - w'oe’ (A-9)
[1+2vyoEwat+(1+a) RO 0w ALS] = 9_]43\}_
KAt (A-10)

£E* =3
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we obtain
% -2 5 - B [2x+(1+a)6B],
n+l KAtz n+o Atz n At n
(1-8)—=B— + 2(1-y8)6k + (1+a)(%s~80)0%B|3% (a-11)
- sztz n

Replacing Equation (A-11) in the expression for velocity at time step nt+l

Xp+1 = kp + At[(1-v)%p + v ¥p41) (A-12)
we obtain

x o=lp By o [l-{2K+(l+0t)eB}Y];(

n+l KAt o+ At™n n

2

+ At [(l-y) - %Qb@ - 2(1-v8)y6k + (1+a)(BO-1) ezay]iin (A-13)
w At

The displacement is calculated from

2]/1 . .
*oey T Xp At X, T A [(5 B B) *nt an+e]

. 1 2 .. 2 ..
X + At k| + (2 e) At X + B8At X 1 (A-14)

and Equation (A-11), i.e.

X = E_Fn+6 + [1-BB]xn + [1-6{2K+(1+d)6B}]At X, +

+ [(%-B) - (1_;9)23_3 = 2(1-y0) 6Bk+(1+a) (BO-1) BZBB]Atz X (A-15)
w At
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We may write Equations (A-11), (A-13), and (A-15) in matrix form

2.. 1,.2 2.. B
AtTX [(1+a)(88 - 7)6 B - 2(1-y8)9¢ ~[2«+(1+a)6B) -B W 5 EFM@
- (1-9)—5”—5]
w At
. - _ _ (1-6)yB _ _ - _ . xB
Atx Lo [(l v) sztz 2(1-y8)yHx 1-[2«+(1+a)6B]y vB Atx +% Fn+8
+ (1+a)(80 - %)Gsz]
1 _ _ (1-6)8B _ _ _ _ 2B
X 41 E5 R) —w 2(1-y9)egc | 1-8[2«+(1+a)8B] {[1-3B] x X Fn+e
w
+ (1+a) (80 - %)ezen]
(A-16)
where
2,2 4n2p2
B = w ot 5 P 5 (A-17)
[1+2y6cuat+(1+a)86%02at 2] o[1+4nyarpran®(1+a)2a®p?]
g = ___KgAt = —BZTTK (A’ls)
B
= At -
P=T (A-19)
or
Xn+1 = A %n + L Epeg
We make the following substitutions in matrix A of Equation (A-16)
2 B
L, = (1+a)(80 - '90"B - 2(1-y") Pk = (1=9) 73
[P =
= 1 1 202 ayar o
B[(1+a)(86 =~ 5)aT0"=2(1-y2) nr =(1-9) ] (A-21)
1 2
L, = -[2v+(14a)8B] = - —D[Z',Q + (1+)0 7] (A-22)
- .p = - 12 -
L3 B " (A-23)
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D = o[1+2yg60 + (1+a)B6202] (A-24)
- KwAt _ xQ -
£ B 3 (A~25)
2
Q
B =+ (A-26)

The amplification matrix A can be rewritten in the form

| | 1 |
| Ly | Lp | L3 |
| ] —
A" [
:%lﬂ(Ll-l)} : {1+YL2} | vL3 ||
|
| T [ |
ML+ e, -nY davse. b ) 148L, |
,‘7 1 =| { 23 | 3

The characteristic equation stemming from A, is

detlp - Al = =23 + 24002 - Ay + A3 = 0 (A-28)
or

A3 - 24002 + Ap) - A3 =0 (A-29)

where the three invariants 2A), Ap, Aj are explicitly given as

2A) = 2 + L1 + yLy + BL3 (A-30)
- - Ryt -
A2 1+ 2Ll + (2v l)L2 + (22-vy 2)L3 (A-31)
- - - - -l -
Ay L, (1 Y)L2 (= z)L3 (A-32)
or
2
24, =2+ %[‘(I-H)(Bﬂ - 'z)“z-(lh)‘r“—ﬂisi +
+{—2(1—Y“)”—21l 51-(1-0)] (A-33)
| Dy 2 N
Ay = 1+ 5204 0= =2 =D (1 0 = (2= =) s
{-aci--200-nf e - :u—w] (A-34)

A-6

Ll g Ve e s e e, # - . e 4..-__. T ettt Tttt IR IR P IL I U S RSP PN R

e 7 S D
(AW Rals talalaPAlnate A'A‘s 2"
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A, = %[{(l+a)(BG-%)62+(1-7)(1+a)8+(y-8-‘/2)}QZ +
+ {-2(1-v8) e +2(1-y)} 59—(1-0)] (A-35)
and 24, - A= 2+ i[Qz{(‘/- )-(1+a)6}—2f7]
1 3 D =y a

We distinguish two cases In our analysis depending on whether A3 is zero.

(1) A3 # 0 (full cubic equation)

In this case, for absolute stability we must satisfy the Routh-Hurwitz
criterion

E{ =1-2A; + 4 - A3 = -L3 >0 (A-36)

Epg = 3 - 2A; - Ay + 3A3 = -2Lg + 2(1-y)L3 > O (A-37)

Ej = 3+ 2Al - Ay - 3A3

= 4(1-Lj) + 4(1=y)Lp + (4,=4.-1)L3 - O (A-38)

Eq =1+ 2A) + Ay + A3

4(14L1) + 2(2y-1)Lp + 2L3(2e-y) - 0O (A-39)

Eg = EpE3 - Eqly
= -8Lp - 4(2,-3)L3 + 8LjLp + 8(1—1)L%
+ 4L2L3;2-2-5,+2+2$ + 2L§;41—2.‘+45“4Y2‘1$

- 4L3f-2,} -0 (A-40)

or cast in terms of

E. == >0 (A-41)

D = {4[1+2Yr{"\+(1+l)l_..2 2]

A-7

RN Wi, ¢ Bl I b Al A ‘ “. ﬂ -‘i 8 ‘ ‘ '\'VN' ‘ -"v v M. ¥ . \ \.N‘ Y \- . '-‘.‘-' '-.' "‘--. ‘_“.'-'
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1 2
E2 = 3[2 {(1+a)e+y-1}9 +4g$2] =

- ? [{(1+a)e+y-1} Q+2£] (A-42)

By = 3 [{z(1+a)ez+4<y—1)(1+a)e+(1+ae-4y)} a%+8 {or(y-D} €Q+“] (A-43)

where the coefficient of 22 in E3 can be written as
[48+ 2(1+a)02 +4(1+a)(y=1)o+1-4y]

E 3

{(1+a)(2ee

4
PRl - %62)+ (1+a)(l-2Y)9+(%y-B)} 2%+ {1-2y—26+4y62} gm(Ze-l)(

- % {{2(1+a)93-1]€ + %(l+a)[(l—2Y)6-92]+ %}QZ+{1—2y-26+4ye2}£Q+(26-1)LA_44)
2233 - Elﬁa = l‘—g [{s[— 2(1+Q)e3 + 2(1+ade + 2y - 1] + (l+a)262[8+2(Y-1)]
- D

+ (1+u)[(5-2y)e + (v-1)6% + 2(y-1)%0 - %{(1—27)6 - ez}]

+ 2v(1-Y) - 5}93 (A=45)
+ ‘48 + (1+0)(66°+8(y=1)8) + 4(y-1)8 + &(y=1)2 = 2y + 20 - 4Ye2} £0?

+%2y(1+452) + 208 -1 + 8(e—l)£2§ Q + l»g}

Therefore, for unconditional stability the following constraints must be

applied to the coefficients of all the inequalities from Equations (A-41)
through (A-45).

With the exception of the case when Q@ = 0 (ylelding equality), Equation
(A-41) is always satisfied for any positive Q. Equation (A-42) leads to

a > %L) -1 (A-46)

or

a >1 - (1+a)8 (A-47)

A-8

4. N8
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and

£>0 (A-48)
Equation (A-43) leads to

B > ~ %[2(1+0)62 + 4(1+a)(y-1)8 + (1-4y)] (A-49)

(6+y-1)¢ >0 (A-50)
and, in view of Equation (A-48), Equation (A-50) becomes
8+y=-1>0 (A-51)

Equation (A-44) implies the following constraints (£ > 0 has already been
accounted for)

y>2kh (A-52)
To obtain Equation (A-52) we look for the roots of the equation
1-2y-20+4y82 =0

They are

This gives Equation (A-52).

then

8 > (1+a)6{6-(1-2Y) ]-v (A-54)

2[2(1+a)e3—1]

|
And if 2(1+a)e3 -1 >0 (A-53) i
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However, 1if

2(1+a)83 -1 < 0 (A-55)
and if

2(1+2)83 -1 =0 (A-57)

0 > (1+a)ele- (1-2y)] - v (A-58)

Substituting the value for o from Equation (A-57) in Equation (A-58) we obtain

1
Y > 2(6+1) (A-59)

which 1s satisfied, since 6 > 1. And from Equation (A-52), we must have vy > %.
The same argument applies to Equation (A-51), which can be written as
y>1-68.
y must exceed a nonpositive number and it is superfluous.
Equation (A-45) leads to more complicated inequalities. They are
1l - 206 - 8(9-1)&;2
Y 2 3 (A-60)
2(1+4E7)
where
1 - 200 - 8(8-1)£2 > 0
or
(1+852) > 2(at4g2)0

2
and 1if a+4g2<0, then Milie
2(a+bg")

2
1f o + 4c2 5 0, then 1185 _

2 otbe?)

> 0
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and 1f a + 42 = 0, then no restraint on 6

B z[—% <1+m){ee2 + 8(v-1)e} + 4(y-1)6 + 4(y-1)2

+ (29-2Y—4Y62)] (A-61)
Recall from algebra at this point that, given a polynomial of third degree
£(x) = a3x3 + agx? + a)x + ag

its three roots 13, 712, and 13 are given by

2
T1+T2+T3 —-8—3
+ ..-+ n.a_l
T1T2 7 T2T3 T 13N a,
S |
123 a,

In our zase, all the roots should be negative, because any nonnegative x would
vield f(x) > 0. Therefore, we seek

11 +12+13<0

T)T2 + 1213 + 1377 > 0

117213 < 0

If a3 > 0, then all a3 > 0 (1 = 0,1,2);

If a3 < 0, then all ay <0 (4 = 0,1,2). But in this case any x > 0 will

yield f(x) < O and this case does not satisfy the nonnegativity of f(x). Hence
it is of no interest to us.

If a3 = 0, the polynomial is quadratic

f(x) = azx2 + ajx + ag

A-11

.y ™

AL LIPS T T I T T I TP AT T T WL R N REATRERT A AR ARSI IS et L)
" ﬂﬁh{&(ﬂtﬂ’m"&\:&{&ﬁ.‘f&(uﬁ', A:t,_ﬂ.ﬁ.{s.{c_s'_-:’.-."_'-.‘ty_ &'_SM\ .\t&".\t\t\f&M\f\f’&i
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and

Y]

o
[ =

For t3,712 to be nonpositive

1]+ 12 <0
17220
or for
a >0 aj,ag > 0
ap <0 aj,ag < 0

and again the case of all ay < 0 does not yield f(x) > 0 for x > 0 and it is
of no interest.

1f ap = 0 (in addition to when a3 = 0), then the polynomial is
linear, 1i.e.

f(x) = ajx + ag

o
[=]

and T, = -

—
[*Y
—

For it to be nonpositive

and if a; >0 ag >~ 0
if aj <0 ag < 0

yielding f(x) < 0 for x > 0 and it is of no interest.
If a; = 0,
f(x) = ag

and ag >0




NSWC TR 86-324

Consequently

8 > - {(l+a)2[6+2(1-1)192+(l+u)[(%-2y)9+(Y-1)62+2(Y51)26+%62-(%-y)6]+ZY(1-Y)-%}
B {2y-1+2(1+a)6-2(1+a)e }

(A-62)
if v > %+ (1+a)e3 - (1+a)e®
However, the case of
y < %+ (1+a)e3 - (1+a)s (A-63)

cannot occur, since all the coefficients of Equation (A-45) must be negative,
which is precluded due to & > 0.

If Equation (A-62) is not valid, then Equation (A-64) is the other possibility,
i.e.

0> - {(1+a)2[e+z<y-1>]ez+(1+a)[(%-2Y)o+(y-1>ez+z(Y-1)ze+5ez-<%-y>e]+2y(1—Y)-%}

if L=+ (1+a)ed - (1+a)e> (A-64)
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SUMMARY (A3 ¢ 0)

Yy > 1 - (1+a)®
y>1-298

1
Yz

Yy >+ (1+a)8(8%-1)

208 - 8(6—1)&2
2(1+452)

-
1

<
v

2(1+a)e3 > 1

(1£ 201408° = 1 > v 2 5rhs )

£>0

s lnga) i ooy erienetingnPerst-cend ey -4

B
- {2y—l+2(1+a)9-2(1+a)9§}

B > = 712014006244 (1+a) (y=1) 8+(1-4y) ]

g > (1+a)6{6-(1-2Yy)] - v
- 3
2[2(1+a)0™ 1]

B > - 71(1+a){6024+8(y-1) 0} 4 (y-1)o+4(y-1) 2+ (26-2y~4y8 D) ]

A further point in the investigation is to examine whether it 1is possible
to have complex roots of unit argument. This is given by the condition

1 -4 +A3(241-A3] = 0 (A-65)
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which can be written in the form

al.ﬂl' + aﬁ3 + azﬂz + ap. =

= Q[a4Q3+a3RZ+32Q+all =0

where

a; = 2¢

az = (1+a)8 + y = 8 = i + 472(4-14,)

a3 = £[2(1+a)(8B+1)83 + {(2,-3)v + (1+1)(3-2.7 - 2:9)=}2
- 2{2(1-) Q+a)+ (1= G- 242 (1= Ca- )= (o= =2} )

a, = 884(l+a)2 + 893(1+1)(y‘ %) - (1+x)2(5~-5)*3
+ (L) [Camy ) (89-5)= (1= ) (14 1) ] 22
+ (1a) [(s=y)(1=v)=(y=8=2) 15 + [Ye=v ][ =7-1)

For such a condition [i.e., Equation (A-65)] to hold

£=0
(14a)e + vy -8 - % + 4?2(“°1+v) =~ 0

or

and

g = [(1#+a)(1-22)6 + (4-1) ]~
2[(l+a)92-1]

A-15

(A—67)

(A-68)

(A-69)

(A-70)

(A-71)

(A=72)

(A-73)

(A~74)
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We observe at this point that the coefficients aj, az, a3, a4 of
Equation (A-66), given by Equations (A-67) :through (A-70) assume the limiting
values as given in References 15, 16, and "7.
Coef Case 8 = 1, aty = % Case a =0, vy =X
a, 2¢, 2¢ :
!
2 1
a, 45y 2£7(26-1) :
' f
. 2
ay 25 (2=a%) 26 (B+6(8-1))
2
e (
a, = +2) a(8-1) [7 -8(6+1)] .
v
(2) A3 = 0 (Quadratic case) )
In this case, the Routh-Hurwitz criterion of stability is :
q
Ep = 1 - 24 + Ay - O (A-75) :
d
Eg =1 -4 -0 (A-76) ,
E3 =1+ 2A +A >0 (A-77) '
together with :
A3 =0 (A-78) h
4
Equation (A-78), using (A-35) is equivalent to !
LY
1
— (A-79)
2
N
e - ,+45]1 =0 (A-80) X
and ‘
g
2 t
E "y (A-81) X
£
E, = <[ (4=, 427 (A-82) o
2 D ' W ¥
\
N
)
A-16 !
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Equation (A-81) is always satisfied for real Q,
implies

A-17

E, .% [{2(1...(,)(23-1) + 2(1—7)}92 + 8(y - k)ea + 4]

while Equation (A-82)

y+a-%>0 (A-84)
y>0 (A-85)
Equation (A-83) results in
vy (A-86)
and
(14a)(28-1) + (1-y) > 0 (A-87)
Consider the cases
(a) a=90
Then Equation (A-87) is equivalent to
28 > v (A-88)
(b) a¥0
By Equation (A-88), however, B - vy + 5= 0
and Equation (A-87) becomes
2(1+2a)8 > (1+20) (A-89)
If 1+22>0, thenB>)%, vy>1,and vy > %-«a (A-90)
If 14 22 =0, then 0 > 1 + 2a (A-91)
and it 1s satisfied as an equality
a=-J% B>)% and y > 1 (A-92)

I!kﬂﬁtﬂﬂ&ﬂhﬁd&&d&ﬁhﬁbﬁhﬁa1bGhGb6ﬂGbL&ﬂdﬂbdhEbi&&b:ﬁLﬂHﬁﬂHQ!Qﬁ2iiﬂni&&iiﬁiKkﬁbﬂoCbGbGb&3Ekimﬂaﬁaiiixixkﬂhﬂbdbﬂhg
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If 1+ 2 <0, then B <% (A-93)
But B =y - )%

Hence

<
|

o
A

e

L-a<y<l (A-94)

which contradicts each other since o < ~% (no solution).

If we further require the roots to be complex, then we must further satisfy

2
A] < A, (A-95)
where
ZAl = % [{(1+a)(38-%—y)—8}ﬂ2 + 2(2y-1)E0 + 2]
2 1 2
=3 [{(1+a)(26—1) + Gep}e + 2(2y-1)ea + 2] (A-96)
A, =3 [{(1+a)(38—2v) - (ZB-Y-%)}QZ + 2(y-1)eg + l]
_ 1 3 2
=3 [{(l+a)(6-l) + G et + 2(y-Deq + l] (A-97)
where
D=1+ 2ygQ + (1+a)Bn2 (A-98)

Substituting Equations (A-96) and (A-97) in Equation (A-95) leads to

’[—(m)z + 201a) 28-y#9) - Gy 2] + [y-a-tle

+ 4(1-£2){a2 > 0 (A-99)

i.e.
lel <1 (A-100)
y-a-%<0 (A-101)
(1) + 2(14a)(28-v#) - ()P 5 0 (A-102)

A-18
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or

B(a*2) > 5 + iCp)? (A-103)

Replacing 8 =y~- % in Equation (A-102) we obtain

12 3 1 1
-3+ (ot E)Y -8~ 3(1+a)(a+2) >0 (A-104)

with roots

Yy g = ot % Y Jv-a(oﬁ-l) (A-105)
14

where

In the interval -1 <a <0, a=-1, y=

a=-% y=1

auo’ -E

satisfy (A-104).

We must check whether all the other requirements are valid. For the case
a=-1, vy =1%and B =0, Equation (A-82) or (A-84) are not satisfied. Hence,
this 1is not a solution. Fora = -l , y =1 , B =% (and 6 = 1), this is a
solution.

Fora=0, y= % , B=1 (and 6 = 1), this is a solution.

The fact that o ®= -1 , y = )% , g = 0 is not a solution can also be seen
directly by inspecting Equations (A-109) through (A-112), where

2
- —BR HA(y-Y) EQ+2 _
2A1 T+ 3e0) (A-106)

2
e —(28-y=39)Q" + 2(y-1)e0+l _
A, T 2y50) (A-107)

2
. (=8} )
A3 1430 (A-108)
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2 2
- _ o (BHy+h) .. . .
E, =1 ZAI + A 142y (1+2yr) - 0
(A-109)
since B =y -k
(ZB—Y-%)QZ + 280 (v- %)ﬁz + 200
Ey=1-4,-= (I+2v550) N (1+2v) (A-110)
R ¢ L G o (e AR o
3 1 2 (1+42v£2)
- m26-12% 4 BG4 4 (A-111)
1+2v 45
These conditions lead to
3
the first two are contradictory.
-(y=-1) > 0
y ~520

Hence for 6 = 1 , o = -1 and 8 = vy - % there is no unconditional stable
range.

A-20

o™ u” W T a € Oy % g u « € e e .., w, € -, -,
b ¥ B0 KRS SING YR IR TR S AR .
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SUMMARY (CASE A3 = 0)
CONDITIONS
6 =1 a[B-y+k] = 0
y+a-%>0
y - %>0, (14a)(28-1) + (1-y) > 0
£>0
SUBCASES
SUBCASE 1 SUBCASE 2
a =90 a $t0
B -y +%=0
28 > v 2(1+20)8 > (1+22)
| SUBSUBCASE
Yy > % .

- 1+ 20a>0 1+2a = 0]1+20 < O
B >3 y>1 B <k
y>2h-a B>% ) yz1l

-aiyil
No
Solution

ADDITIONAL REQUIREMENTS FOR ROOTS TO BE COM

LEX

lel <1
y—a=-%>0

(a+2)R> % + 15050002

FOR SUBCASE 1 I FOR SUBCASE 2
x =0 a = -1
8 > %(%+Y)2 No solution
=0
-3
2
a solution
= ]
>0

A-21
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Observations

(1) For a = 0, ¢ = 1 we get the Newmark-B method, with the known conditions for

unconditional stability (See Table 5-1.)

<
|v
o

w
| v
Nf=<

For complex roots we also have

B > %(%*Y)

In the present case (a = 0, 6 = 1) we observe the two subcases

(a) vy=1%
with
(260462)
A1 =1- . 2.
2(1+E0480°)
2
1-£0+80 2E0
Ays 7 1 - —
[ 1+£04+80°] [1+£0+80°7]
a2 -4 - 2 dde-netia-edl
1 2 2.2
4(1+EQ+RQ7)

and characteristic roots iy, )3

2(1+€Q+SQZ)

A-22

1
=11 - _Qem® |, 2 \[ZQ8—1)92+4(1-52)
2(1+£Q+BQZ)

(A-113)

(A-114)

(A-115)

(A-116)

(a-117)

(A-118)

(A-119)

Ry

et 1) L] Y - Y e NN e e W = - - Ly e S
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Observe from Equation (A-117) that when £ = 0, Ap = 1, i.e., the product r
of the roots (which for complex roots it is the square of the modulus) are .
unity, i.e., no artificial damping. )

(b vy =3 (6 =1, a=0) N

In this instance the product of the roots is

[a2+42¢0) .

Ay =1 - e (A-120) 4
[1+3z0+80%] ¢

\1

As o >0 Ay > 1 (A-121) _
N

1 X

As Q> o A2 > 1 - 3 (A-122) ;

When £ = 0, the magnitude of the complex roots becomes A

2
Al =1 -2 (A-123)
1+RQ

1 4
Hence gwmfA] =1 - z (A-124) ’
Q > o ;
»
N
with dissipation at higher modes. )
(2) Fora=-1%, 8=1, y=1,8=%(8- y+ %=0) N
"
§
02-4eqHs g
24, = -2 _2_5_ (A~125) "
QL +8EQ+H4 !
%
o
2 Y

A, = —#I‘—- (A-126)
N +8gnt+4 o
N
N
\\
[Tt
(&
o

A-23

b
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A3 =0 (A-127)
and
1

A =
1,2 (92+4)

(2%-4)+430 ( (A-128)

Hence, we observe that for £¢ =0 Ay =1 (hence spectral radius is 1) and
for this choice of parameters there is no artificial damping.

In the following, we give the form of the amplification matrix for very
small and very large frequencies. We consider the following limiting cases.

le

1. When P

»ﬂz
(=

2. When p -3
(1+a)Be

and the amplification matrix assumes the form

B 1
1-3 0 0]
a=|1-% 1 0 (A-129)
B
L%~ 3 1 1]
2. p=°°,B="_l——3,K=O
(1+a)R9
B_2_>0
w At

A-24
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and "
f
1]
t
1 - =1 -1 -1
286 862 (1+a)863 '
Y Y Y
A= l-5= 1-— -—
i 280 802 (1+a) 86> ,
| 4 -3 1-3 1-—— i
| 9 (1+a)® 3
| :
{3
where w = %

- - .~ —
-« AT a0

PR AL

A~-25
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